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(54) Engine to motor drive mode switching with clutch engagement when engine speed exceeds 
motor speed 



(57) A hybrid vehicle drive system including (a) an 
engine (14), (b) an electric motor (16), (c) a planetary 
gear device having a first rotary element (18s) con- 
nected to the engine, a second rotary element (18c) 
connected to the electric motor and connected through 
a first clutch (CI ) to an output member (22) connected 
to vehicle drive wheel (52), and a third rotary element 
(1 8r) connected through a second clutch (C2) to the out- 
put member, (d) a forward-motor-drive control device 
(1 04) for engaging the first clutch and releasing the sec- 
ond clutch to thereby establish a forward motor drive 
mode in which the vehicle is driven in a forward direction 
by the electric motor, (e) a forward-engine-drive control 
device (112) for engaging at least the second clutch to 
establish an engine-drive mode in which the vehicle is 
driven in the forward direction by the engine, and (f) a 
second-clutch control device (60, S1-3, S1-6) operable 
upon switching of a vehicle drive mode from the forward 
motor drive mode to the forward engine drive mode, for 
engaging the second clutch (C2) only after the engine 
speed has exceeded the motor speed. 



FIG. 1 



^ — H1L 




Q. 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRSV3.6 



BEST AVAILABLE COPY 



EP 1 090 792 A2 



Description 

[0001] This application is based on Japanese Pat- 
ent Application No. 1 1 -288034 filed October 8, the con- 
tents of which are incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates in general to a 
hybrid-vehicle drive system, particularly to a hybrid- 
vehicle drive system having an engine and an electric 
motor which are mechanically connected to each other 
by a planetary gear device, and more particularly to a 
control when the vehicle drive mode is switched from a 
motor-drive mode to an engine-drive mode. 

Discussion of Related Art 

[0003] There is known a drive system for a hybrid 
automotive vehicle, which includes (a) an engine oper- 
ated by combustion of a fuel to produce a drive force, (b) 
an electric motor, (c) an output member operatively con- 
nected to drive wheels, (d) a planetary gear device 
associated with the engine, electric motor and output 
member, for synthesizing and distributing a drive force 
or forces, and (e) a plurality of frictional coupling devices 
such as clutches and brakes for selectively connecting 
and disconnecting rotary elements of the planetary gear 
device to and from each other or a stationary member. 
An example of such a hybrid vehicle drive system is dis- 
closed in JP-A-9-37411, wherein various vehicle drive 
modes are selectively established for driving the vehi- 
cle, by controlling the operating states of the clutches 
and brakes. For instance, the drive modes include a 
motor-drive mode in which the vehicle is driven by the 
electric motor as a drive power source, and an engine- 
drive mode in which the vehicle is driven by the engine 
as the vehicle drive source. 

[0004] A hybrid-vehicle drive system as descnbed 
above is not necessarily satisfactory in the manner of 
control in which the vehicle-drive is switched from the 
motor-drive mode to the engine-drive mode, when the 
clutch is engaged while the operating speed of the 
engine is relatively low. Namely, the known hybrid-vehi- 
cle drive system suffers from a reduced vehicle drive 
force when the clutch is engaged at a relatively low 
speed of the engine, for switching the vehicle drive 
mode from the motor-drive mode to the engine-drive 
mode. 

SUMMARY OF THE INVENTION 



[0005] It is therefore an object of the present inven- 
tion to provide a hybrid-vehicle drive system which is 
improved in the manner of control in which the vehicle 
drive mode is switched from the motor-drive mode to the 



engine-drive mode. 

[0006] The above object may be achieved accord- 
ing to a first aspect of the present invention, which pro- 
vides a hybrid-vehicle drive system, A hybrid drive 
5 system for an automotive vehicle, comprising: (a) an 
engine operable by combustion of a fuel to generate a 
drive force; (b) an electric motor; (c) an output member 
operatively connected to a drive wheel of the vehicle for 
driving the vehicle; (d) a planetary gear device having a 
w first rotary element connected to the engine, a second 
rotary element connected to the electric motor, and a 
third rotary element; (e) a first clutch through which the 
second rotary member is connected to the output mem- 
ber; (f) a second clutch through which the third rotary 
is member is connected to the output member; (g) for- 
ward-motor-drive control means for engaging the first 
clutch and releasing the second clutch to thereby estab- 
lish a forward motor drive mode in which the automotive 
vehicle is driven in a forward direction by operation of 
20 the electric motor while the engine is at rest (h) forward- 
engine-drive control means for engaging at least the 
second clutch to establish an engine-drive mode in 
which the automotive vehicle is driven in the forward 
direction by operation of the engine; and (i) second- 
25 clutch control means operable upon switching of a vehi- 
cle drive mode from the forward motor drive mode to the 
forward engine drive mode, for engaging the second 
clutch only after an operating speed of the engine has 
exceeded an operating speed of the electric motor. 
30 [0007] In the hybrid drive system constructed 
according to the first aspect of this invention described 
above, the second-clutch control means is operated 
upon switching of the vehicle drive mode from the for- 
ward motor drive mode (established by the forward- 
35 motor-drive control means) to the engine drive mode 
(established by the forward-engine-drive control 
means) The second-clutch control means is arranged 
to engage the second clutch only after the operating 
speed of the engine has exceeded that of the electric 
40 motor. This arrangement permits a smooth transition of 
the vehicle drive mode to the engine drive mode, for 
thereby rapidly increasing the vehicle drive force, with- 
out a reduction of the vehicle drive force during the tran- 
sition, where the transition to the engine drive mode is 
45 required due to an increase in the operating amount of 
the accelerator pedal, for example. That is, if the second 
clutch were engaged while the engine speed is lower 
than the motor speed, the vehicle drive force would be 
partly consumed by an increase of the engine speed to 
so the motor speed. 

[0008] In one preferred form of the hybrid drive sys- 
tem according to the first aspect of the invention 
described above, the second clutch is a hydraulically 
operated frictional coupling device capable of effecting 
55 a slipping engagement, and the second-clutch control 
means is adapted to initiate a gradual increase of a 
hydraulic pressure to be applied to the second clutch for 
engaging the second clutch, when the operating speed 
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of the engine has exceeded the operating speed of the 
electric motor. 

[0009] In another preferred form of the hybrid drive 
system described above, the electric motor consists of a 
motor/generator, and the planetary gear device is a 5 
double-pinion type planetary gear device having a sun 
gear as the first rotary element, a carrier as the second 
rotary element, and a ring gear as the third rotary ele- 
ment. In this instance, the sun gear is connected to the 
engine, while the carrier is connected to the motor/gen- w 
erator, and is further connected through the first clutch 
to the output member. Further, the ring gear is con- 
nected through the second clutch to the output member. 
For example, the output member may be an input shaft 
of an automatic transmission, which is preferably a con- is 
tinuously variable transmission of belt-and-pulley type. 
The planetary gear device may be of a single-pinion 
type, and the transmission may be a continuously varia- 
ble transmission of other types such as toroidal type. 
[0010] The motor/generator indicated above selec- 20 
tively functions as an electric generator as well as an 
electric motor. Preferably, the motor/generator is oper- 
ated as the electric motor serving as a vehicle drive 
power source, and as the electric generator for applying 
a regenerative brake to the vehicle and generating an 25 
electric energy for charging an electric energy storing 
device, for instance. The motor/generator may be used 
as an electric motor only. The hybrid drive system may 
use both an electric motor and an electric generator as 
two separate units, or two separate motor/generators. 30 
[0011] Each of the first and second clutches indi- 
cated above may be a hydraulicalfy operated friction 
clutch of a single-disc type or multiple-disc type, which 
is frictionally engaged by a suitable hydraulic actuator 
such as a hydraulic cylinder. Alternatively, the first and 35 
second clutches may be electromagnetic clutches. At 
least one additional clutch and/or brake may be used in 
addition to the first and second clutches, as needed. 
[0012] In the hybrid drive system wherein the sec- 
ond clutch is engaged only after the engine speed has 40 
exceeded the motor speed, the determination as to 
whether the engine speed has exceeded the motor 
speed may be effected by directly comparing these two 
speeds, or by comparing the operating speeds of 
selected two rotary elements of the planetary gear 45 
device. For instance, the planetary gear device having a 
first, a second and a third rotary element may be 
arranged such that when the speed of the first rotary 
element becomes higher than that of the second rotary 
element, the speed of the third rotary element becomes so 
higher than that of the secondary rotary element. In this 
instance, the determination as to whether the engine 
speed has exceeded the motor speed may be effected 
by determining whether the speed of the first or third 
rotary element has exceeded the speed of the second 55 
rotary element as a result of an increase of the engine 
speed. In this case, the second clutch is engaged when 
the speed of the first or third rotary element has 



exceeded that of the second rotary element. 
[001 3] In a further preferred form of the hybrid drive 
system according to the first aspect of this invention, the 
second clutch is a hydraulically operated frictional cou- 
pling device capable of effecting a slipping engagement, 
the hybrid drive system further comprising: first engine 
starting means for cranking the engine with a starter, 
and thereby starting the engine: second engine-starting 
means for cranking the engine by slipping engagement 
of the second dutch, and thereby starting the engine; 
and engine-starting-means changing means for starting 
the engine by the second engine-starting means when 
the engine cannot be started by the first engine-starting 
means. 

[0014] The hybrid drive system according to the 
above preferred form has two engine-starting means, 
namely, the first engine-starting means using the starter 
and the second engine-starting means using the sec- 
ond clutch. If the engine cannot be started by cranking 
with the starter under the control of the first engine- 
starting means, the engine is started by cranking with a 
slipping engagement of the second clutch under the 
control of the second engine-starting means. In this 
form of the invention, the engine can be started to drive 
the vehicle in the engine drive mode by operation of the 
engine, even in the event of a failure of the engine 
starter, 

[001 5] The hybrid drive system according to the first 
aspect of the invention need not be provided with any 
engine starting means such as the first engine-starting 
means and second engine-starting means described 
above, or non-cranking engine-starting means which 
will be described. Further, the hybrid drive system 
according to the first aspect of the invention may be pro- 
vided with any other engine-starting means. When two 
or more different engine-starting means are provided, 
the second-clutch control means is preferably activated 
irrespective of the type of the engine-starting means 
used to start the engine. However, the second-clutch 
control means may be activated only when the engine is 
started with a selected one or ones of the plurality of 
engine-starting means, which assure or assures a high 
response in the control of transition from the forward 
motor drive mode to the engine drive mode under. The 
second engine-starting means is preferably activated 
only when the speed of the electric motor is higher than 
a predetermined lower limit (above which the engine 
can be operated by combustion of a fuel). 
[0016] The object indicated above may also be 
achieved according to a second aspect of the present 
invention, which provides a hybrid drive system for an 
automotive vehicle, comprising: (a) an engine operable 
by combustion of a fuel to generate a drive force; (b) an 
electric motor; (c) an output member operatively con- 
nected to a drive wheel of the vehicle for driving the 
vehicle; (d) a planetary gear device having a first rotary 
element connected to the engine, a second rotary ele- 
ment connected to the electric motor, and a third rotary 
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element; (e) a first clutch through which the second 
rotary member is connected to the output member; (f) a 
second clutch through which the third rotary member is 
connected to the output member; (g) forward-motor- 
drive control means for engaging the first clutch and 
releasing the second clutch to thereby establish a for- 
ward motor drive mode in which the automotive vehicle 
is driven in a forward direction by operation of the elec- 
tric motor while the engine is at rest; (h) forward-engine- 
drive control means for engaging both of the first clutch 
and the second clutch to establish a direct engine drive 
mode in which the automotive vehicle is driven in the 
forward direction by operation of the engine, with the 
planetary gear device being rotated as a unit, and for 
releasing the first clutch and engaging the second 
clutch to establish an engine-and-motor drive mode in 
which the automotive vehicle is driven in the forward 
direction by operations of both of the engine and the 
electric motor; and (i) mode selecting means operable 
upon switching of a vehicle drive mode from the forward 
motor drive mode to one of the direct engine drive mode 
and the engine-and-motor drive mode, for determining 
whether the engine is likely to stall if the direct engine 
drive mode is established, and commanding the for- 
ward-engine-drive control means to establish the 
engine-and-motor drive mode, when it is determined 
that the engine is likely to stall if the direct engine drive 
mode is established. 

[00171 In the hybrid drive system constructed 
according to the second aspect of this invention 
described above, the mode selecting means is operated 
when the vehicle drive mode is switched from the for- 
ward motor drive mode (established by the forward- 
motor-drive control means) to one of the direct engine 
drive mode and the engine-and-motor drive mode (to be 
established by the forward-engine-drive control means). 
The mode selecting means is arranged to determine 
whether the engine is likely to stall if the direct engine 
drive mode is established. When it is determined that 
the engine is likely to stall, the mode selecting means 
commands the forward-engine-drive control means to 
establish the engine-and-motor drive mode. This 
arrangement permits the vehicle to be driven in the 
engine-and-motor drive mode with a sufficiently large 
drive force, without a risk of stalling of the engine, since 
the direct motor drive mode is not established if the 
engine stall is expected, even when the vehicle drive 
mode from the forward motor drive mode to the direct 
engine is required. In the engine-and-motor drive mode, 
the vehicle can be driven even with the engine being 
operated as a drive power source at a comparatively 
low speed lower than its idling speed. 
[0018] The hybrid drive system according to the 
second aspect of this invention described above may 
use a double-pinion or single-pinion type planetary gear 
device having a sun gear, a carrier and a ring gear as 
the respective first, second and third rotary elements, 
and may use a continuously variable transmission of 



various types, as described above with respect to the 
first aspect of the invention. Further, the present hybrid 
drive system may use at least one motor/generator 
each selectively functioning as an electric motor and an 
5 electric generator. 

[0019] In the engine-and-motor drive mode 
selected by the mode selecting means according to the 
second aspect of the invention, it is desirable that the 
states of connections of the planetary gear device to the 
w electric motor and the engine and the gear ratio of the 
planetary gear device be determined so that the load 
torque of the electric motor is smaller than that of the 
engine and so that the torque acting on the output mem- 
ber in a steady running state of the vehicle is equal to a 
15 sum of the torques of the electric motor and the engine. 
This desirability is also applicable to any other hybrid 
drive system which has the engine-and-motor drive 
mode and which will be described. 
[0020] The determination by the mode selecting 
20 means as to whether the engine is likely to stall if the 
direct engine drive mode is established may be effected 
in various manners. For instance, the mode selecting 
means monitors the engine speed when the vehicle 
drive mode is required to be switched to the direct 
25 engine drive mode, and determine whether the engine 
speed has been lowered below a predetermined thresh- 
old value, as a result of an engagement of the second 
clutch. The mode selecting means determines that the 
engine is likely to stall, if the monitored engine speed 
30 has been lowered below the threshold value. Alterna- 
tively, the determination may be effected on the basis of 
the speed of the output member which is detected at a 
predetermined point of time during an engaging action 
of the second clutch, for example, when the engine 
35 speed begins to be reduced. 

[0021] The object indicated above may also be 
achieved according to a third aspect of the present 
invention, which provides a hybrid drive system for an 
automotive vehicle, the hybrid drive system comprising: 
AO a vehicle drive power source including an engine opera- 
ble by combustion of a fuel to generate a drive force, 
and an electric motor; and non-cranking engine starting 
means operable upon switching of a vehicle drive mode 
from a forward motor drive mode in which the automo- 
45 tive vehicle is driven by operation of the electric motor 
only, to an engine drive mode in which the automotive 
vehicle is driven by operation of the engine, the non- 
cranking engine starting means starting the engine by 
merely controlling the starting of the engine without 
so cranking of the engine, when an operating speed of the 
engine is higher than a predetermined threshold, the 
controlling the starting of the engine comprising control- 
ling a state in which the fuel is injected into the engine. 
[0022] In the hybrid drive system constructed 
55 according to the third aspect of this invention described 
above, the non-cranking engine starting means is oper- 
ated when the vehicle drive mode is required to be 
changed from the motor drive mode to the engine drive 
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mode. The non-cranking engine starting means is 
arranged to start the engine by merely controlling the 
fuel injecting state of the engine and other states of the 
starting of the engine, without cranking the engine, 
when the engine speed is higher than the predeter- 
mined threshold. Where the operating amount of the 
accelerator pedal is increased immediately after the 
vehicle drive mode has been changed from the engine 
drive mode to the motor drive mode, for instance, the 
vehicle drive mode is required to be changed to the 
engine drive mode again. In this case, the engine is 
started without cranking, so that the transition to the 
engine drive mode can be rapidly achieved. Where the 
engine is started by cranking with an engine starter, the 
pinion of the starter must be brought into meshing 
engagement with the ring gear provided on the flywheel 
of the engine, so that the pinion cannot be held in mesh- 
ing engagement with the ring gear until the engine 
speed has been lowered to a predetermined value. 
Accordingly, the starting of the engine and the transition 
to the engine drive mode are delayed. This delay is not 
encountered according to the third aspect of this inven- 
tion. 

[0023] The hybrid drive system according to the 
third aspect of this invention described above may use a 
double-pinion or single-pinion type planetary gear 
device having a sun gear, a carrier and a ring gear as 
the respective first, second and third rotary elements, 
and may use a continuously variable transmission of 
various types, as described above with respect to the 
first aspect of the invention. Further, the present hybrid 
drive system may use at least one motor/generator 
each selectively functioning as an electric motor and an 
electric generator. 

[0024] In the hybrid drive system according to the 
third aspect of the invention, the vehicle is driven in the 
engine drive mode, by operation of the engine only, or 
by operations of both of the engine and the electric 
motor, namely, in the direct engine drive mode or in the 
engine-and-motor drive mode, for example, as 
described above with respect to the second aspect of 
the invention. 

[0025] The hybrid drive system according to one 
preferred form of this third aspect of the invention fur- 
ther comprises (a) an output member operative ly con- 
nected to a drive wheel of the vehicle, (b) a planetary 
gear device having a first rotary element connected to 
the engine, a second rotary element connected to the 
electric motor and connected to the output member 
through a first clutch, and a third rotary element con- 
nected to the output member through a second clutch, 
(c) forward-motor-drive control means for engaging the 
first clutch and releasing the second clutch, to thereby 
establish the forward motor drive mode in which the 
automotive vehicle is driven in a forward direction by 
operation of the electric motor while the engine is at 
rest, and (d) forward-engine-drive control means for 
engaging at least the second clutch, to thereby estab- 



lish the engine drive mode in which the automotive vehi- 
cle is driven in the forward direction by operation of the 
engine. 

[0026] The object indicated above may also be 
5 achieved according to a fourth aspect of this invention, 
which provides a hybrid drive system for an automotive 
vehicle, comprising: 

(a) a vehicle drive power source including an 
w engine operable by combustion of a fuel to gener- 
ate a drive force, and an electric motor; 

(b) a transmission; 

(c) a clutch of a frictional coupling type disposed 
between the engine and the transmission; 

is (d) clutch-slip control means operable upon switch- 
ing of a vehicle drive mode from a motor drive mode 
in which the automotive vehicle is driven by opera- 
tion of the electric motor only, to an engine drive 
mode in which the automotive vehicle is driven by 

20 operation of the engine, the dutch-slip control 
means effecting a slipping engagement of the 
clutch; and 

(e) transition -in put-torque estimating means for 
estimating an input torque of the transmission on 
25 the basis of an engaging torque of the clutch during 
the slipping engagement of the clutch while the 
vehicle drive mode is switched from the motor drive 
mode to the engine drive mode. 

30 [0027] In the hybrid drive system constructed 
according to the fourth aspect of this invention 
described above, the clutch-slip control means is oper- 
ated upon switching of the vehide drive mode from the 
motor drive mode to the engine drive mode. The clutch- 

35 slip control means is adapted to effect a slipping 
engagement of the clutch disposed between the engine 
and the transmission. At the same time, the transition- 
input-torque estimating means is operated to estimate 
the input torque of the transmission on the basis of the 

40 engaging torque (transmission torque capacity) during 
the slipping engagement of the clutch. This arrange- 
ment permits the input torque of the transmission to be 
estimated with high accuracy while the vehide drive 
mode is switched from the motor drive mode to the 

45 engine drive mode. Based on the highly accurately esti- 
mated input torque of the transmission, the hydraulic 
pressures for controlling the transmission can be con- 
trolled with accordingly high accuracy. Generally, a 
desired hydraulic pressure to be applied to each 

so hydraulically operated portion of a transmission is cal- 
culated on the basis of the drive torque generated by 
the vehicle drive source, the inertia of each rotary mem- 
ber, the torque of a torque converter, and other parame- 
ters associated with the transmission. Where the 

55 slipping amount of the clutch between the engine and 
the transmission is controlled upon switching of the 
vehicle drive mode (upon switching of the vehicle drive 
power source), a clutch or brake device incorporated in 
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the transmission or a belt of a belt-and-pulley type con- 
tinuously variable transmission would undesirably suffer 
from slipping due to an excessive amount of the input 
torque of the transmission if the engaging torque of the 
clutch between the engine and the transmission were 
not taken into account in calculating the desired hydrau- 
lic pressure. This problem can be avoided according to 
the fourth aspect of the invention described above. 
[0028] The hybrid drive system according to the 
fourth aspect of this invention described above may use 
a double-pinion or single-pinion type planetary gear 
device having a sun gear, a carrier and a ring gear as 
the respective first, second and third rotary elements, 
and may use a continuously variable transmission of 
various types, as described above with respect to the 
first aspect of the invention. Further, the present hybrid 
drive system may use at least one motor/generator 
each selectively functioning as an electric motor and an 
electric generator. 

[0029] In the hybrid drive system according to the 
fourth aspect of the invention, the vehicle is driven in the 
engine drive mode, by operation of the engine only, or 
by operations of both of the engine and the electric 
motor, namely, in the direct engine drive mode or in the 
engine-and-motor drive mode, for example, as 
described above with respect to the second aspect of 
the invention. 

[0030] The clutch disposed between the engine and 
the transmission may be a hydraulically operated fric- 
tion clutch of a single-disc type or multiple-disc type, 
which is frictionally engaged by a suitable hydraulic 
actuator such as a hydraulic cylinder. Alternatively, the 
clutch may be electromagnetic clutches. At least one 
additional clutch and/or brake may be used in addition 
to the first and second clutches, as needed. 
[0031] The hybrid drive system according to one 
preferred form of this fourth aspect of the invention fur- 
ther comprises (a) an output member operatively con- 
nected to a drive wheel of the vehicle, (b) a planetary 
gear device having a first rotary element connected to 
the engine, a second rotary element connected to the 
electric motor and connected to the output member 
through a first clutch, and a third rotary element con- 
nected to the output member through a second clutch, 
(c) forward-motor-drive control means for engaging the 
first clutch and releasing the second clutch, to thereby 
establish the forward motor drive mode in which the 
automotive vehicle is driven in a forward direction by 
operation of the electric motor while the engine is at 
rest, and (d) forward-engine-drive control means for 
engaging at least the second clutch, to thereby estab- 
lish the engine drive mode in which the automotive vehi- 
cle is driven in the forward direction by operation of the 
engine. Further, the second clutch is a frictional cou- 
pling clutch capable of effecting a slipping engagement 
and the output member is connected to the transmis- 
sion.. 

[0032] The object indicated above may also be 



achieved according to a fifth aspect of this invention, 
which provides a hybrid drive system for an automotive 
vehicle, comprising: 

(a) an engine operable by combustion of a fuel to 
generate a drive force; 

(b) an electric motor; 

(c) an output member operatively connected to a 
drive wheel of the vehicle for driving the vehicle; 

(d) a planetary gear device having a first rotary ele- 
ment connected to the engine, a second rotary ele- 
ment connected to the electric motor, and a third 
rotary element; 

(e) a first clutch through which the second rotary 
element is connected to the output member; 

(f) a second clutch through which the third rotary 
member is connected to the output member; 

(g) forward-motor-drive control means for engaging 
the first clutch and releasing the second clutch, to 
thereby establish a forward motor drive mode in 
which the automotive vehicle is driven in a forward 
direction by operation of the electric motor while the 
engine is at rest; 

(h) forward-engine-drive control means for releas- 
ing the first clutch and engaging the second clutch, 
to thereby establish an engine-and-motor drive 
mode in which the automotive vehicle is driven in 
the forward direction by operations of both of the 
engine and the electric motor; 

(i) the first clutch being a frictionally coupling clutch; 
and 

(j) first-clutch-releasing stand-by means operable 
upon switching of a vehicle drive mode from the for- 
ward motor drive mode to the engine-and-motor 
drive mode, the first-clutch-releasing stand-by 
means reducing an engaging torque of the first 
clutch to a value not causing slipping of the first 
clutch, before the first clutch is released. 

[0033] In the hybrid drive system constructed 
according to the fifth aspect of the present invention, the 
first-clutch-releasing stand-by means is operated upon 
switching of the vehicle drive mode from the forward 
motor drive mode to the engine-and-motor drive mode. 
45 The first-clutch-releasing stand-by means is adapted to 
reduce the engaging torque of the first clutch to a value 
not causing slipping of the first clutch, prior to the 
releasing of the first clutch. This arrangement permits 
an excellent response when the first clutch is released 
so when a predetermined condition is satisfied, so that the 
transition to the engine-and-motor drive mode is facili- 
tated, without a variation in the vehicle drive force due to 
a delayed response, and without a risk of stalling of the 
engine. 

55 [0034] The object indicated above may also be 
achieved according to a sixth aspect of this invention, 
which provides a hybrid drive system for an automotive 
vehicle, comprising: 
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(a) an engine operable by combustion of a fuel to 
generate a drive force; 

(b) an electric motor; 

(c) an output member ope native ly connected to a 
drive wheel of the vehicle for driving the vehicle; s 

(d) a planetary gear device having a first rotary ele- 
ment connected to the engine, a second rotary ele- 
ment connected to the electric motor, and a third 
rotary element; 

(e) a first clutch through which the second rotary io 
element is connected to the output member; 

(f) a second clutch through which the third rotary 
member is connected to the output member; 

(g) forward-motor-drive control means for engaging 

the first clutch and releasing the second clutch, to 75 
thereby establish a forward motor drive mode in 
which the automotive vehicle is driven in a forward 
direction by operation of the electric motor while the 
engine is at rest; 

(h) forward-engine-drive control means for releas- 20 
in g the first clutch and engaging the second clutch, 

to thereby establish an engine-and-motor drive 
mode in which the automotive vehicle is driven in 
the forward direction by operations of both of the 
engine and the electric motor; 25 

(i) the first clutch being a frictionally coupling clutch; 
and 

(h) clutch control means operable upon switching of 
a vehicle drive mode from the forward motor drive 
mode to the engine-and-motor drive mode, the 30 
clutch control means gradually reducing an engag- 
ing torque of the second clutch, and releasing the 
first clutch when a torque of the electric motor and 
the engaging torque of the second clutch have sat- 
isfied a predetermined relationship representative 35 
of a ratio of the torque of the electric motor and the 
engaging torque of the second clutch with respect 
to each other, which relationship is suitable for driv- 
ing the vehicle in the engine-and-motor drive mode. 

AO 

[0035] In the hybrid drive system constructed 
according to the sixth aspect of the invention described 
above, the clutch control means is operated when the 
vehicle drive mode is switched from the motor drive 
mode to the engine-and-motor drive mode. The clutch 45 
control means is arranged to gradually increase the 
engaging torque of the second clutch, and release the 
first clutch when the motor torque and the engaging 
torque of the second clutch have satisfied a predeter- 
mined relationship representative of the ratio of the so 
motor torque and the engaging torque of the second 
clutch with respect to each other in the engine-and- 
motor drive mode. This arrangement facilitates the tran- 
sition to the engine-and-motor drive mode with a 
reduced variation in the vehicle drive force upon releas- 55 
ing of the first clutch. 

[0036] The hybrid drive systems according to the 
fifth and sixth aspects of this invention described above 



may also use a double-pinion or single-pinion type plan- 
etary gear device having a sun gear, a carrier and a ring 
gear as the respective first, second and third rotary ele- 
ments, and may use a continuously variable transmis- 
sion of various types, as described above with respect 
to the first aspect of the invention. Further, the present 
hybrid drive system may use at least one motor/genera- 
tor each selectively functioning as an electric motor and 
an electric generator. 

BRIEF DESCRIPTION OF THE INVENTION 

[0037] The above and other objects, features, 
advantages and technical and industrial significance of 
the present invention will be better understood by read- 
ing the following detailed description of presently pre- 
ferred embodiments of the invention, when considered 
in connection with the accompanying drawings, in 
which: 

Fig. 1 is a schematic view showing an arrangement 
of a hybrid drive system of a hybrid automotive 
vehicle, which drive system includes a rear driving 
apparatus constructed according to one embodi- 
ment of this invention; 

Rg. 2 is a schematic view showing a power trans- 
mitting system of the hybrid drive system of Rg. 1 ; 
Rg. 3 is a view showing a portion of a hydraulic 
control device shown in Rg. 1 ; 
Rg. 4 is a view showing various vehicle operating 
modes selectively established by a hybrid control 
device shown in Fig. 1 , and a relationship between 
the operating modes and respective combinations 
of operating states of two clutches and a brake; 
Rg. 5 A is a colli near chart indicating a relationship 
of rotating speeds of rotary elements of the plane- 
tary gear device when the ETC DRIVE mode of Rg. 
4 is established; 

Rg. 5B is a collinear chart indicating a relationship 
of the rotating speeds of the rotary elements of the 
planetary gear device when the DIRECT ENGINE 
DRIVE mode of Rg. 4 is established; 
Rg. 5C is a collinear chart indicating a relationship 
of the rotating speeds of the rotary elements of the 
planetary gear device when the FORWARD 
MOTOR DRIVE mode of Rg. 4 is established; 
Rg. 6 is a block diagram illustrating various func- 
tional means of the hybrid control device; 
Rg. 7 is a flow chart illustrating one example of a 
mode transition control routine executed when the 
vehicle drive mode is switched from the FORWARD 
MOTOR DRIVE mode to the DIRECT ENGINE 
drive mode; 

Rg. 8 is a time chart indicating changes in various 
parameters of the hybrid drive system when the 
mode transition control routine of Fig. 7 is executed; 
Rg. 9 is a flow chart illustrating another example of 
a mode transition control routine executed accord- 
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ing to another embodiment of the invention when 
the vehicle drive mode is switched from the FOR- 
WARD MOTOR DRIVE mode to the DIRECT 
ENGINE drive mode; 

Fig. 1 0 is a time chart indicating changes in engine 5 
speed Ne, motor speed Nm and accelerator pedal 
operating amount 9 ac when the mode transition 
control routine of Fig. 9 is executed; 
Fig. 11 is a graph representing one example of a 
data map used for obtaining a predetermined value 10 
on the basis of the accelerator pedal operating 
amount 0 ac in step S204 of the flow chart of Fig. 9; 
Fig. 12 is a flow chart illustrating a further example 
of a mode transition control routine executed 
according to a further embodiment of the invention 15 
when the vehicle drive mode is switched from the 
FORWARD MOTOR DRIVE mode to the DIRECT 
ENGINE drive mode: 

Fig. 13 is a flow chart illustrating a determination in 
the mode transition control routine of Fig. 12, as to 20 
whether the vehicle is required to be driven in the 
FORWARD MOTOR DRIVE mode or the DIRECT 
ENGINE drive mode; 

Fig. 14 is a time chart indicating changes in various 
parameters of the hybrid drive system when the 25 
mode transition control routine of Fig. 12 is exe- 
cuted; 

Fig. 15 is a flow chart illustrating a control routine 
executed according to a still further embodiment of 
this invention, for estimating an input torque Tin of a 30 
transmission depending upon the presently 
selected vehicle drive mode, in the hybrid drive sys- 
tem of Fig. 1 ; 

Fig. 1 6 is a time chart indicating changes of various 
parameters of the hybrid drive system when the 35 
mode transition control routine of Fig. 7 is executed, 
the parameters including the input speed Tin of the 
transmission estimated according to the control 
routine of Fig. 15; 

Fig. 1 7 is a flow chart illustrating a routine for deter- 40 
mining whether an engaging torque T C2 of the sec- 
ond clutch C2 when the input torque Tin is 
estimated with the engaging torque T^ being taken 
into account; 

Fig. 1 8 is a flow chart illustrating a mode transition 45 
control routine executed according to a yet further 
embodiment of the invention, when the vehicle 
drive mode is switched from the FORWARD 
MOTOR DRIVE mode to the ETC DRIVE mode 
(engine-and-motor drive mode); and so 
Fig. 1 9 is a time chart indicating changes in various 
parameters of the hybrid drive system when the 
mode transition control routine of Rg. 19 is exe- 
cuted. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0038] Referring first to Figs. 1 and 2, there is sche- 
matically shown an arrangement of a hybrid drive sys- 
tem 10 of a hybrid automotive vehicle, which is 
constructed according to one embodiment of the 
present invention. As shown in Fig. 2, the hybrid drive 
system 10 includes an engine 14, a motor/generator 1 6, 
and a power transmitting system which includes a trans- 
mission 12 and a planetary gear device 18 of a double- 
pinion type. The engine 14 is operated by combustion of 
a fuel to produce a drive force, and the motor/generator 
16 serves as an electric motor and an electric genera- 
tor. 

[0039] The planetary gear device 1 8 includes a sun 
gear 1 8s connected to the engine 1 4, a carrier 1 8c con- 
nected to the motor/generator 16, and a ring gear 18r 
connected to a housing 20 through a first brake B1 . The 
carrier 1 8c is further connected through a first clutch C1 
to an input shaft 22 of the transmission 12, and the ring 
gear 18r is further connected through a second clutch 
C2 to the input shaft 22. It will be understood that the 
planetary gear device 18 functions as a synthesiz- 
ing/distributing device of a gear type, and that the sun 
gear 18s, carrier 18c and ring gear 18r serve as a first, 
a second and a third rotary element of the planetary 
gear device 18, respectively. It will also be understood 
that the input shaft 22 of the transmission 12 serves as 
an output member operatively connected to drive 
wheels 52, 52. 

[0040] Each of the first and second clutches C1 , C2 
and the brake B1 is a hydrauiically operated frictional 
coupling device of a wet multiple-disc type which is fric- 
tionally engaged by a hydraulic actuator activated by a 
pressurized fluid supplied from a hydraulic control 
device 24. As shown in Fig. 3, the hydraulic control 
device 24 includes an electrically operated hydraulic 
pressure source 26 having an electrically operated 
pump, which generates a pressurized fluid having a line 
pressure PC. This line pressure PC is applied to the 
clutches CI, C2 and brake B1 through a manual valve 
28, depending upon a presently selected position of a 
shift lever 30 (shown in Rg. 1 ). The shift lever 30, which 
is operated by an operator of the vehicle, has five oper- 
ating positions B (BRAKE), D (DRIVE), N (NEUTRAL), 
R (REVERSE) and P (PARKING). The manual valve 28 
is mechanically connected to the shift lever 30 through 
a cable or other linkage, so that the manual valve 28 is 
mechanically operated by the shift lever 30. 
[0041] The operating position B is a power-source 
braking position which is usually selected to shift down 
the transmission 12 during a forward running of the 
vehicle, for applying a comparatively large power- 
source brake (e.g., an engine brake) to the vehicle. The 
operating position D is a forward-driving position 
selected to drive the vehicle in the forward direction. In 
these operating positions B and D, the line pressure PC 
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is applied from an output port 28a of the manual valve 
28 to the clutches C1, C2. The line pressure PC is 
applied to the first clutch C1 through a shuttle valve 31. 
The operating position N is a neutral position in which a 
power transmitting path between a drive power source 
in the form of the engine 1 4 and the motor/generator 1 6 
and the drive wheels 52 is disconnected. The operating 
position R is a reverse-driving position selected to drive 
the vehicle in the reverse direction. The operating posi- 
tion P is a parking position in which the power transmit- 
ting path indicated above is disconnected and in which 
a parking brake is mechanically applied to the drive 
wheels 52 by a parking lock device. In these operating 
positions N, R and P, the line pressure PC is applied 
from an output port 28b of the manual valve 28 to the 
brake B1 . The line pressure PC is also applied from the 
output port 28b to a return port 28c. In the operating 
position R, the line pressure PC is applied from the 
return port 28c to the first clutch C1 through an output 
port 28d and the shuttle valve 31 . 
[0042] The clutches C1 , C2 and brake B1 are pro- 
vided with respective control valves 32, 34, 36, which 
control fluid pressures P C1 , P C2 and P B1 applied to the 
clutches C1. C2 and brake B1, respectively. The control 
valve 32 for the first clutch C1 is arranged to receive a 
pilot pressure from an ON-OFF valve 38, to regulate the 
pressure P C1 , while the control valves 34, 36 for the 
second clutch C2 and brake B1 are arranged to receive 
a pilot pressure from a linear solenoid valve 40, to regu- 
late the pressures Pq2 and Pbv 

[0043] Referring next to Fig. 4, there are indicated 
various operating modes (vehicle drive modes) of the 
hybrid vehicle in relation to respective different combi- 
nations of operating states of the first and second 
clutches C1, C2 and the brake B1. In Fig. 4, "O e repre- 
sents the engaged state of the clutches and brake CI, 
C2, B1 f while "X" represents the released state of the 
same. When the shift lever 30 is placed in the operating 
position B or D, one of an ETC DRIVE mode (electric 
torque converter mode), a DIRECT ENGINE drive 
mode and a FORWARD MOTOR DRIVE mode is estab- 
lished. The ETC DRIVE mode is established by engag- 
ing the second clutch C2 and releasing the first clutch 
C1 and the brake B1. In the ETC DRIVE mode, the vehi- 
cle is driven in the forward direction by operations of 
both of the engine 14 and the motor/generator 16. The 
DIRECT ENGINE drive mode is established by engag- 
ing the first and second clutches C1 , C2 and releasing 
the brake B1. In the DIRECT ENGINE drive mode, the 
vehicle is driven in the forward direction by an operation 
of the engine 14. 

[0044] The FORWARD MOTOR DRIVE mode is 
established by engaging the first clutch C1 and releas- 
ing the second clutch C2 and the brake B1 . In the FOR- 
WARD MOTOR DRIVE mode, the vehicle is driven in 
the forward direction by an operation of the motor/gen- 
erator 16. The ETC DRIVE mode (electric torque con- 
verter mode) may be referred to as an "engine-and- 



motor drive mode", while the DIRECT ENGINE drive 
mode may be referred to as a "direct engine drive 
mode". 

[0045] Referring to the collinear charts of Figs. 5A, 

5 5B and 5C, the rotating speeds of the sun gear 1 8s, ring 
gear 1 8r and carrier 1 8c of the planetary gear device 1 8 
are taken along vertical axes S, R and C, respectively. 
The distances between the axes S and R and between 
the axes R and C are determined by a speed ratio p of 

10 the planetary gear device 18, which is equal to the 
number of teeth of the sun gear 18s divided by the 
number of teeth of the ring gear 18r. Suppose the dis- 
tance between the axes S and C is equal to "1", the dis- 
tance between the axes R and C is equal to p. In the 

is present embodiment, the speed ratio p is about 0.6. In 
the ETC DRIVE mode of Fig. 5A, there exists the follow- 
ing relationship among a torque value Te of the engine 
1 4, a torque value Tin of the input shaft 22 of the trans- 
mission 12, and a torque value Tm of the motor/genera- 

20 tor 1 6: 

Te : Tin : Tm = p : 1 : 1 - p. 

[0046] The required motor torque Tm is smaller 

25 than the engine torque Te, and the input shaft torque Tin 
of the transmission 12 is equal to a sum of the motor 
torque Tm and the engine torque Te. In the present 
embodiment, the transmission 12 is a continuously var- 
iable transmission (CVT) of a belt-and-pulley type. 

30 [0047] Referring back to Fig. 4, a NEUTRAL mode 
or a CHARGING & ENGINE- STARTING mode is estab- 
lished when the shift lever 30 is placed in the operating 
position N or P. The NEUTRAL mode is established by 
releasing all of the first and second clutches C1 , C2 and 

35 the brake B1. The CHARGING & ENGINE-STARTING 
mode is established by releasing the first and second 
clutches C1, C2 and engaging the brake B1. In the 
CHARGING & ENGINE-STARTING mode, the 
motor/generator 16 is operated in the reverse direction 

40 to start the engine 14, or the engine 14 is operated to 
drive the motor/generator 1 6 through the planetary gear 
device 18 to generate an electric energy for charging a 
battery 42 (Fig. 1 ) while the motor/generator 1 6 is con- 
trolled for controlling the amount of electric energy to be 

45 generated. 

[0048] When the shift lever 30 is placed in the oper- 
ating position R, a REVERSE MOTOR DRIVE mode or 
a FRICTION DRIVE mode is established. The 
REVERSE MOTOR DRIVE mode is established by 

so engaging the first clutch C1 and releasing the second 
clutch C2 and the brake B1. In the REVERSE MOTOR 
DRIVE mode, the vehicle is driven in the reverse direc- 
tion by an operation of the motor/generator 16 in the 
reverse direction so as to rotate the carrier 1 8c and the 

55 input shaft 22 in the reverse direction. The FRICTION 
DRIVE mode is established when an operation of the 
engine 14 to assist the motor/generator 16 is required 
during a running of the vehicle in the REVERSE 



9 



17 



EP 1 090 792 A2 



18 



MOTOR DRIVE mode. The FRICTION DRIVE mode is 
established by starting the engine 14, engaging the first 
clutch C1 , releasing the second clutch C2, and partially 
engaging the brake B1 (effecting a slipping engagement 
of the brake B1 ) while the sun gear 1 8s is rotated by the 
engine 14 in the forward direction so that the ring gear 
18r is rotated by the sun gear 18s in the forward direc- 
tion. With the slipping engagement of the brake B1 , the 
rotation of the ring gear 1Br is limited or restricted so 
that a torque is applied to the carrier 18c in the reverse 
direction, whereby an assisting drive torque is applied to 
the input shaft 22 to increase the total drive torque for 
driving the vehicle in the reverse direction. 
[0049] The transmission 1 2, which is a continuously 
variable transmission as described above, has an out- 
put shaft 44 which is operatively connected to the right 
and left drive wheels 52 through a counter gear 45 and 
a ring gear 50 of a differential gear device 48, such that 
the drive force is distributed by the differential gear 
device 48 to the drive wheels 52. 
[0050] The hyb rid drive system 1 0 is controlled by a 
hybrid control device 60 shown in Fig. 1. The hybrid 
control device 60 incorporates a central processing unit 
(CPU), a random-access memory (RAM) and a read- 
only memory (ROM). The hybrid control device 60 exe- 
cutes signal processing operations according to control 
programs stored in the ROM while utilizing a temporary 
data storage function, to control a throttle control device 
62, an engine control device 64, a motor/generator con- 
trol device 66, a transmission control device 68, the ON- 
OFF valve 38 and linear solenoid valve 40 of the 
hydraulic control device 24, and a starter motor 70 for 
the engine 14. The throttle control device 62 is adapted 
to control the opening of an electronic throttle valve 72 
of the engine 14. The engine control device 64 is 
adapted to control the output of the engine 14 by con- 
trolling the amount of fuel injection into the engine 14, a 
variable-valve-timing mechanism, and the ignition tim- 
ing. The motor/generator control device 66 is adapted to 
control an inverter 74 for controlling the drive torque and 
regenerative braking torque of the motor/generator 16. 
The transmission control device 68 is adapted to control 
a speed ratio y and the belt tension of the transmission 
12. The speed ratio y is equal to the input shaft speed 
Nin divided by the output shaft speed Nout. The hydrau- 
lic control device 24 is equipped with hydraulic control 
circuits for controlling the speed ratio y and belt tension 
of the transmission 12. The starter motor 70 has a pin- 
ion which meshes with a ring gear of a flywheel of the 
engine 14, for cranking the engine 14 to start the engine 
14. 

[0051] The hybrid control device 60 receives output 
signals of an accelerator sensor 76, a shift position sen- 
sor 80, an engine speed sensor 82, a motor speed sen- 
sor 84, an input shaft speed sensor 86 and an output 
shaft speed sensor 88. The output signal of the acceler- 
ator sensor 76 represents an operating amount 9 ac of 
an accelerator operating member in the form of an 



accelerator pedal 78. The output signal of the shift posi- 
tion sensor 78 represents the presently selected operat- 
ing position of the shift lever 30. The output signals of 
the engine speed sensor 82, motor speed sensor 84, 
5 input shaft speed sensor 86 and output shaft speed 
sensor 88 represent the rotating speed Ne of the engine 
14, the rotating speed Nm of the motor/generator 16, 
the rotating speed Nin of the input shaft 22 and the 
rotating speed Nout of the output shaft 44, respectively. 
10 The vehicle running speed V can be obtained from the 
rotating speed Nout of the output shaft 44. The hybrid 
control device 60 further receives other signals indica- 
tive of the operating condition of the vehicle, such as a 
signal indicative of the amount of electric energy SOC 
15 stored in the battery 42. The electric energy amount 
SOC may be simply represented by a voltage of the bat- 
tery 42, or may be obtained on the basis of the detected 
cumulative charging and discharging amounts of the 
battery 42. The battery 42 functions as a device for stor- 
20 ing an electric energy. 

[0052] The hybrid control device 60 has major func- 
tional means as illustrated in the block diagram of Fig. 6, 
which are arranged to selectively establish the operat- 
ing modes (vehicle drive modes) of the vehicle indicated 
25 in Fig. 4. Namely, the hybrid control device 60 includes 
ETC-DRIVE control means 100, DIRECT-ENGINE- 
DRIVE control means 102. FORWARD-MOTOR-DRIVE 
control means 104, CHARGING control means 106, 
REVERSE-MOTOR-DRIVE control means 108, and 
30 ENGINE-ASSISTED REVERSE-MOTOR-DRIVE con- 
trol means 110. The ETC-DRIVE control means 100 is 
arranged to establish the ETC DRIVE mode, and the 
DIRECT-ENGINE-DRIVE control means 102 is 
arranged to establish the DIRECT ENGINE DRIVE 
35 mode. The FORWARD-MOTOR-DRIVE control means 
104 is arranged to establish the FORWARD MOTOR 
DRIVE mode, and the CHARGING control means 106 
is arranged to establish the CHARGING & ENGINE- 
STARTING mode. The REVERSE-MOTOR-DRIVE con- 
40 trol means 108 is arranged to establish the REVERSE 
MOTOR DRIVE mode, and the ENGINE-ASSISTED 
REVERSE-MOTOR-DRIVE control means 110 is 
arranged to establish the FRICTION DRIVE mode. The 
ETC-DRIVE control means 100 and the DIRECT- 
45 ENGINE-DRIVE control means 102 cooperate to con- 
stitute FORWARD-ENGINE-DRIVE control means 112. 
The hybrid control device 60 further includes mode 
determining means 114 selects one of the above-indi- 
cated operating modes that should be established, on 
so the basis of the operating amount 6 ac of the accelerator 
pedal 78, the vehicle running speed V (speed Nout of 
the output shaft 44), the stored electric energy amount 
SOC, the presently selected operating position of the 
shift lever 30, and other parameters of the vehicle. The 
55 mode determining means 114 activates one of the 
above-indicated means 100, 102, 104, 106, 108 and 
110, which corresponds to the selected operating 
mode. 
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[0053] Referring to the flow chart of Fig. 7, there will 
be described a mode transition control routine executed 
by the hybrid control device 60 to switch the vehicle 
drive mode from the FORWARD MOTOR DRIVE mode 
established by the FORWARD-MOTOR-DRIVE control 5 
means 104m, to the DIRECT ENGINE DRIVE mode in 
which the vehicle is driven by the engine 14 started and 
controlled under the control of the DIRECT-ENGINE 
DRIVE control means 102. The mode transition control 
routine is repeatedly executed by the hybrid control w 
device 690 with a predetermined cycle time during run- 
ning of the vehicle in the FORWARD MOTOR DRIVE 
mode with the shift lever 30 placed in the operating posi- 
tion D or B. The time chart of Fig. 8 indicates changes 
various parameters of the hybrid drive system when the js 
mode transition control routine of Fig.7 is executed. 
[0054] The mode transition control routine of Fig. 7 
is initiated with step S1-1 to determine whether the 
mode determining means 114 has determined that the 
vehicle drive mode should be switched from the FOR- 20 
WARD MOTOR DRIVE mode to the DIRECT ENGINE 
DRIVE mode. This determination in step S1-1 is 
effected by determining whether a MODE TRANSITION 
flag set at "1", that is, set for switching the vehicle drive 
mode from the FORWARD MOTOR DRIVE mode to the 25 
DIRECT ENGINE DRIVE mode. If an affirmative deci- 
sion (YES) is obtained in step S1-1, the control flow 
goes to step S1-2 in which the engine 14 is cranked by 
the starter motor 70, at a predetermined cranking speed 
(about 500 r.p.m., for example), and the starting of the 30 
engine 14 is controlled by regulating the opening angle 
of the electronic throttle valve 72 and the amount of fuel 
injection into the engine 14. At the same time, the pres- 
surized fluid is supplied from the linear solenoid valve 
40 to the hydraulic actuator for the second clutch C2, so 35 
as to effect the fast filling of the hydraulic actuator and 
then hold the hydraulic pressure of the hydraulic actua- 
tor for the clutch C2 at a relatively low stand-by level 
which is slightly lower than the level at which the second 
clutch C2 starts to have a torque capacity. In the time 40 
chart of Fig. 8, 11" indicates a point of time at which the 
control of the starting of the engine 1 4 and the supply of 
the pressurized fluid to the hydraulic actuator for the 
second clutch C2 are initiated in response to the deter- 
mination that the vehicle drive mode should be changed 45 
to the DIRECT ENGINE DRIVE mode. 
[0055] Step S1 -2 is followed by step S1 -3 to deter- 
mine whether the engine 14 has been completely 
started, namely, whether the engine 14 is able to con- 
tinue to operate with combustion of a fuel, and whether so 
the speed Ne of the engine 14 has exceeded the speed 
Nm of the motor/generator 1 6. The determination as to 
whether the engine 14 has been completely started 
may be effected by determining whether the engine 
speed Ne has exceeded a predetermined lower limit ss 
(e.g., about 650 r.p.m.). If an affirmative decision (YES) 
is obtained in step S1-3, the control flow goes to step 
S1-6. If a negative decision (NO) is obtained in step S1- 



3, the control flow goes to step S1-4 to determine 
whether a predetermined time has passed after the 
starter motor 70 was commanded to operate for starting 
the engine 14. This predetermined time is determined to 
be long enough for permitting the engine 14 to be com- 
pletely started within this predetermined time has 
passed, and for permitting the engine speed Ne to 
exceed the motor speed Nm within the predetermined 
time. Usually, the affirmative decision (YES) is obtained 
in step S1 -3 before the predetermined time has passed, 
and accordingly step S1-6 is implemented. If the engine 
1 4 cannot be started within the predetermined time due 
to a defect of the starter motor 70, for instance, an 
affirmative decision (YES is obtained in step S1-4, and 
the control flow goes to step S1-5 in which the engine 
14 is cranked and started by slipping engagement of the 
second clutch C2. Namely, the slipping engagement of 
the second clutch C2 is effected by controlling the linear 
solenoid valve 40 so as to increase the pressure P C2 of 
the second clutch C2, so that the engine 1 4 is rotated by 
an engaging torque of the second clutch C2, while the 
amount of fuel injection into the engine 14 is controlled. 
As a result, the engine 14 can be started by means of 
the slipping or partial engagement of the clutch C2, 
rather than by the operation of the starter motor 70. 
[0056] Step S1-6 is implemented to gradually 
increase the pressure of the second clutch C2 by 
controlling the linear solenoid valve 40, so that the sec- 
ond clutch C2 becomes able to have a torque capacity 
or an engaging torque T C2 , causing the output of the 
engine 14 to be reflected on the vehicle drive torque. At 
the same time, the torque Tm of the motor/generator 1 6 
is gradually reduced in step SI -6 in response to an 
increase in the engaging torque Jq 2 °* tne second 
clutch C2, so that the sum of the engine output (engag- 
ing torque T C 2) and the torque Tm of the motor/genera- 
tor 1 6 is equal to the operator's desired vehicle drive 
power Pdrv. The pressure P C2 of the second clutch C2 
is increased at a rate which is increased with an 
increase in the operator's desired vehicle drive power 
Pdrv, depending upon the operating amount G ac of the 
accelerator pedal 78 and the vehicle running speed V, 
so that the switching or transition of the vehicle drive 
mode from the FORWARD MOTOR DRIVE mode to the 
DIRECT ENGINE DRIVE mode can be completed 
within a predetermined time, irrespective of the opera- 
tor's desired vehicle drive power Pdrv. In the time chart 
of Fig. 8, 12" indicates a point of time at which the 
affirmative decision (YES) is obtained in step S1-3. Step 
S1-6 is also implemented to gradually increase the 
pressure Pq2 of the second clutch C2, where the engine 
14 is started by slipping engagement of the second 
clutch C2 in step S1-5. That is, step S1-5 is followed by 
stepS1-6. 

[0057] Step S1-6 is followed by step S1-7 wherein 
the torque Te of the engine 14 is reduced while the 
speed Ne of the engine 14 is controlled according to a 
rate of increase of the pressure P^, until the engine 
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speed Ne has become equal to the motor speed Nm 
with full engagement of the second clutch C2. For 
instance, the torque Te of the engine 14 is reduced 
depending upon a speed difference (Ne - Nm) between 
the engine speed Ne and the motor speed Nm, or a rate 5 
of change A Ne of the engine speed Ne, so that the 
engine speed Ne smoothly changes to the speed Nm of 
the motor/generator 16, while minimizing an amount of 
variation of the vehicle drive force. In the time chart of 
Fig. 8, "t3 B indicates a point of time at which the second to 
clutch C2 has been substantially fully engaged, and 14" 
indicates a point of time at which a predetermined time 
has passed after the point of time t3 while the speed dif- 
ference (Ne - Nm) is held smaller than a predetermined 
value. Namely, the control for switching the vehicle drive 15 
mode to the DIRECT ENGINE DRIVE mode is termi- 
nated at the point of time t4. As a result, the MODE 
TRANSITION is reset to "0", so that a negative decision 
(NO) is obtained in step S1-1 in the next cycle of execu- 
tion of the control routine of Fig. 7. 20 
[0058] As described above, the present embodi- 
ment is arranged such that the switching of the vehicle 
drive mode from the FORWARD MOTOR DRIVE mode 
to the DIRECT ENGINE DRIVE mode by starting the 
engine 14 is initiated in step S1-3 by determining 25 
whether the engine speed Ne has exceeded the motor 
speed Nm. Only after the engine speed Ne has become 
higher than the motor speed Nm, step S1-6 is imple- 
mented to gradually increase the hydraulic pressure 
P C2 of the hydraulic actuator for the second clutch C2, 30 
for gradually increasing the engaging torque Tc2 tne 
second clutch C2. This arrangement permits smooth 
transition or switching of the vehicle drive mode to the 
DIRECT ENGINE DRIVE mode with a rapid increase in 
the vehicle drive force, and without a decrease in the 35 
vehicle drive force, when the transition is required upon 
an increase in the operating amount of the accelerator 
pedal 78, for example. That is, the present embodiment 
is arranged to inhibit or prevent an engagement of the 
second clutch C2 while the engine speed Ne is lower 40 
than the motor speed Nm, since the engagement of the 
second clutch C2 in the above-indicated condition 
would result in consumption of a considerable amount 
of drive power for increasing the engine speed Ne, and 
an undesirable reduction in the vehicle drive force upon 45 
switching of the vehicle drive mode to a forward engine 
drive mode in the form of the DIRECT ENGINE DRIVE 
mode. 

[0059] In step S1-2, the engine 14 is cranked and 
started by the starter motor 70. Where the engine speed so 
Ne has not exceeded the motor speed Nm within the 
predetermined time, in other words, where the engine 
14 cannot be started by the starter motor 70 within the 
predetermined time, step S1-5 is implemented to start 
the engine 14 by slipping engagement of the second ss 
clutch C2. This arrangement permits the engine 14 to 
be started, and permits the DIRECT ENGINE DRIVE 
mode to be established, even in the event of a failure of 



the starter motor 70. 

[0060] Further, the present embodiment adapted to 
start the engine 14 by the starter motor 70 in principle 
permits the engine 14 to be started in a short time to 
provide a vehicle drive force, even when the vehicle is 
running at a very low speed. 

[0061] It will be understood from the foregoing 
description of the first embodiment of this invention illus- 
trated in the flow chart of Rg. 7, that a portion of the 
hybrid control device 60 assigned to implement steps 
S1-3 and S1-6 constitutes second-clutch control means 
operable upon switching of the vehicle drive mode from 
the FORWARD MOTOR DRIVE mode to the DIRECT 
ENGINE DRIVE mode, for engaging the second clutch 
C2 only after the engine speed Ne has exceeded the 
motor speed Nm. It will also be understood that a por- 
tion of the hybrid control device 60 assigned to imple- 
ment steps S1-2 constitutes first engine starting means 
for starting the engine 14 by cranking it by the starter 
motor 70. and that a portion of the hybrid control device 
60 assigned to implement step S1 -5 constitutes second 
engine starting means for starting the engine 14 by slip- 
ping engagement of the second clutch C2. It will further 
be understood that a portion of the hybrid control device 
60 assigned to implement step S1 -4 constitutes engine- 
starting-means changing means for changing engine- 
starting means from the first engine starting means to 
the second engine starting means. 
[0062] Referring to the flow chart of Fig. 9, there is 
illustrated a mode transition control routine which is exe- 
cuted by the hybrid drive control device 60 according to 
a second embodiment of this invention, when the vehi- 
cle drive mode is required to be switched from the FOR- 
WARD MOTOR DRIVE mode (established by the 
FORWARD-MOTOR-DRIVE control means 104) to the 
DIRECT ENGINE DRIVE mode (established by the 
DIRECT-ENGINE-DRIVE control means 102) or the 
ETC DRIVE mode (established by the ETC-DRIVE con- 
trol means 100), upon depression of the accelerator 
pedal 30 in the FORWARD MOTOR DRIVE mode with 
the shift lever 30 placed in the operating position D or B. 
In this case, the DIRECT ENGINE DRIVE mode or the 
ETC DRIVE mode is established to use the engine 14 
for driving the vehicle immediately after the vehicle has 
been started. The time chart of Fig. 10 indicates 
changes of the engine and motor speeds Ne, Nm and 
the operating amount 8 ac of the accelerator pedal 78. 
[0063] The mode transition control routine of Fig. 9 
is initiated with step S2-1 in which the mode determin- 
ing means 114 determines whether the vehicle drive 
mode should be switched from the FORWARD MOTOR 
DRIVE mode to the DIRECT ENGINE DRIVE mode 
(established by the DIRECT-ENGINE-DRIVE control 
means 112) or the ETC DRIVE mode (established by 
the ETC-DRIVE control means 1 00). This determination 
in step S2-1 is effected on the basis of the MODE 
TRANSITION flag. If an affirmative decision (YES) is 
obtained in step S2-1, steps similar to steps S1-2 
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through S1-7 of Fig. 7 are implemented to start the 
engine 14 and gradually increase the hydraulic pressure 
P C2 of the second clutch C2 for gradually engaging the 
second clutch C2. In this second embodiment of Fig. 9, 
however, step S2-2 is implemented while the hydraulic 
pressure Pq2 is gradually increased to gradually 
increase the engaging torque Tq2 of the second clutch 
C2 and while the engine torque Te is reduced. Step S2- 
2 is provided to determine whether the speed Ne of the 
engine 14 has exceeded a predetermined value. This 
determination in step S2-2 is made by determining 
whether the engine 14 has been completely started and 
whether the engine speed Ne has exceeded the speed 
Nm of the motor/generator 1 6. If an affirmative decision 
(YES) is obtained in step S2-2, the control flow goes to 
step S2-3. In the time chart of Fig. 10, 11" indicates a 
point of time at which the MODE TRANSITION flag is 
set for switching the vehicle drive mode to the DIRECT 
ENGINE DRIVE mode or ETC DRIVE mode, that is, a 
point of time at which the affirmative decision (YES) is 
obtained in step S2-1 . 

[0064] Step S2-3 is provided to determine whether 
a speed difference (Ne - Nm) between the engine and 
motor/generator speeds Ne and Nm begins to 
decrease, as a result of the gradual increase of the 
engaging torque TC2 of the second clutch C2 and the 
reduction of the torque of the engine 14. In Fig. 10, 12" 
indicates a point of time at which the speed difference 
(Ne - Nm) begins to decrease, that is, a point of time at 
which an affirmative decision (YES) is obtained in step 
S2-3. 

[0065] When the affirmative decision (YES) is 
obtained in step S2-3, the control flow goes to step S2- 
4 to determine whether the input shaft speed Nin of the 
transmission 12 is lower than a predetermined thresh- 
old. If an affirmative decision (YES) is obtained in step 
S2-4, the control flow goes to step S2-5 in which the 
ETC DRIVE mode is established. If a negative decision 
(NO) is obtained in step S2-4, the control flow goes to 
step S2-6 in which the DIRECT ENGINE DRIVE mode 
is established. The predetermined threshold used in 
step S2-4 is determined to determine whether the 
engine 14 is likely to stall if the second clutch C2 is 
immediately engaged and the engine speed Ne 
becomes equal to the input shaft speed Nin. This 
threshold may be a predetermined constant value (e.g., 
about 1000 r.p.m.) at which the engine 14 is operable by 
itself, but is preferably a variable which changes with a 
change in the input shaft speed Nin until the second 
clutch C2 is fully engaged. For instance, the variable is 
determined on the basis of the operating amount e ac of 
the accelerator pedal 78 and according to a stored data 
map or equation which represents a predetermined 
relationship between the threshold and the operating 
amount 9 ac, as indicated in the graph of Fig. 1 1 by way 
of example. Described more specifically, the rate of 
change of the input shaft speed Nin at this time corre- 
sponds to the operating amount 0 ac of the accelerator 



pedal 78. Namely, the rate of change of the input shaft 
speed Nin increases with an increase of the operating 
amount 8 ac, so that the above-indicated threshold 
decreases with an increase of the operating amount 6 

5 ac. At this point of time, the first clutch C1 is held in the 
engaged state, and the input shaft speed Nin is equal to 
the speed Nm of the motor/generator 16. 
[0066] In step S2-5, the first clutch C1 is released to 
establish the ETC DRIVE mode, and the output of the 

w engine 14 is controlled so as to hold the engine speed 
Ne on the maximum fuel economy line. Further, the 
torque of the motor/generator 1 6 is controlled according 
to the operator's desired vehicle drive power Pdrv. Thus, 
the vehicle is driven in the forward direction with both 

is the engine 14 and the motor/generator 16 in the ETC 
DRIVE mode. In step S2-6. on the other hand, the sec- 
ond clutch C2 is engaged while the first clutch CI is held 
in the engaged state, to establish the DIRECT ENGINE 
DRIVE mode in which the vehicle is driven in the for- 

20 ward direction with only the engine 14 while the 
motor/generator 1 6 is placed in a free state with its out- 
put being zeroed. 

[0067] In this second embodiment, upon switching 
of the vehicle drive mode from the FORWARD MOTOR 

25 DRIVE mode (established by the FORWARD-MOTOR- 
DRIVE control means 104) to an engine drive mode 
(DIRECT ENGINE DRIVE mode or ETC DRIVE mode) 
established by the FORWARD-ENGINE-DRIVE control 
means 112, sep S2-4 is implemented to determine 

30 whether the engine 14 is likely to stall if the DIRECT 
ENGINE DRIVE mode is established. If the affirmative 
decision (YES) is obtained in step S2-4, step S2-5 is 
implemented to establish the ETC DRIVE mode. This 
arrangement prevents the engine 14 from stalling as a 

35 result of the switching of the vehicle drive mode to the 
engine drive mode by the FORWARD-ENGINE-DRIVE 
control means 112. In the ETC DRIVE mode, the vehi- 
cle can be driven by both the engine 14 and the 
motor/generator 16 with a sufficiently large drive force. 

40 That is, the engine 14 may stall if the DIRECT ENGINE 
DRIVE mode is established when the engine 14 is 
started at a comparatively low speed lower than the 
idling speed, during running of the vehicle on a steep 
uphill roadway or under a relatively large load. However, 

45 the present second embodiment permits the vehicle to 
be driven with the engine 1 4 and the motor/generator 1 6 
as the drive power source in the ETC DRIVE mode, 
while preventing the engine 14 from stalling. 
[0068] The second embodiment is further arranged 

so to determine whether the engine 14 is likely to stall, by 
comparing the input shaft speed Nin with the predeter- 
mined threshold determined by the operating amount 9 
ac of the accelerator pedal 78 at the time when the 
speed difference (Ne - Nm) which has been increased 

55 begins to decrease. This arrangement assures a high 
degree of accuracy of determination as to whether the 
engine 14 is likely to stall. In addition, the first clutch C1 
is released to establish the ETC DRIVE mode before 
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the engine 12 actually stalls. Thus, the engine stall can 
be effectively avoided. Step S2-3 adapted to determine 
whether the speed difference (Ne - Nm) begins to 
decrease may be replaced by a step of determining 
whether a rate of change of the engine speed Ne has 
been substantially zeroed or has changed from a posi- 
tive value to a negative value. 

[0069] It will be understood from the foregoing 
description of the second embodiment that a portion of 
the hybrid control device 60 assigned to implement 
steps S2-4, S2-5 and S2-6 functions as mode selecting 
means for determining whether the engine 14 is likely to 
stall if the DIRECT ENGINE DRIVE mode is estab- 
lished, and selecting an engine-and-motor drive mode 
in the form of the ETC DRIVE mode if the engine 14 is 
expected to stall. 

[0070] The mode transition control routine of Fig. 7 
may be adapted to establish the ETC DRIVE mode if the 
engine 1 4 is likely to stall if the DIRECT ENGINE DRIVE 
mode is established. 

[0071] Referring next to the flow chart of Fig. 12, 
there is illustrated a mode transition control routine exe- 
cuted by the hybrid control device 60, for switching of 
the vehicle drive mode between the FORWARD 
MOTOR DRIVE mode (established by the FORWARD- 
MOTOR-DRIVE control means 104) and the forward 
engine drive mode (established by the FORWARD- 
ENGINE-DRIVE control means 112), while the vehicle 
is driven in the forward direction with the shift lever 30 
placed in the operating position D or B. The time chart 
of Fig. 14 indicates changes of various parameters by 
way of example when the mode transition control rou- 
tine of Fig. 12 is executed. 

[0072] The mode transition control routine of Fig. 1 2 
is initiated with step S3-1 to determine whether an 
-UNDER MOTOR -> ENGINE TRANSITION" flag is set 
at "1". If an affirmative decision (YES) is obtained in 
step S3-1 , the control flow goes to steps S3-5 and the 
following steps for controlling the transition from the 
FORWARD MOTOR DRIVE mode to the forward engine 
drive mode. If a negative decision (NO) is obtained in 
step S3-1, the control flow goes to step S3-2 to deter- 
mine whether a -MOTOR DRIVE MODE" flag is set at 
■1". If an affirmative decision (YES) is obtained in step 
S3-2, that is, when the vehicle is driven in the FOR- 
WARD MOTOR DRIVE mode, the control flow goes to 
step S3-3 to determine whether the mode determining 
means 114 has determined that the forward engine 
drive mode is required to be established. If a negative 
decision (NO) is obtained in step S3-3, the control flow 
goes to step S3-11 to determine an "UNDER -> 
ENGINE MOTOR TRANSITION" flag is set at "1". If an 
affirmative decision (YES) is obtained in step S3-1 1 , the 
control flow goes to steps S3-1 4 and the following steps 
for controlling the transition from the forward engine 
drive mode to the FORWARD MOTOR DRIVE mode. If 
a negative decision (NO) is obtained in step S3-1 1 , the 
control flow goes to step S3-1 2 in which the mode deter- 



mining means 1 14 has determined that the FORWARD 
MOTOR DRIVE mode is required to be established. 
[0073] The determination of the vehicle drive mode 
by the mode determining means 1 14 in steps S3-1 and 
5 S3-11 of Fig. 12 as well as in steps S1-1 and S2-1 of 
Figs. 7 and 12 is effected in a manner as shown in the 
flow chart of Fig. 13, for example. That is, step S4-1 is 
initially implemented to determine whether the opera- 
tor's desired vehicle drive power Pdrv is larger than a 
10 predetermined threshold. If an affirmative decision 
(YES) is obtained in step S4-1 , the control flow goes to 
step S4-2 in which the mode determining means 114 
determines that the forward engine drive mode (i.e., 
ETC DRIVE mode or DIRECT ENGINE DRIVE mode) is 
15 required to be established. If a negative decision (NO) is 
obtained in step S4-1 , the control flow goes to step S4- 
3 to determine whether the vehicle can be driven in the 
FORWARD MOTOR DRIVE mode. The operator's 
desired vehicle drive power Pdrv may be obtained on 
20 the basis of the operating amount G ac of the accelerator 
pedal 78 or the vehicle running speed V. In step S4-3, it 
is determined that the vehicle can be driven in the FOR- 
WARD MOTOR DRIVE mode, if the following conditions 
are satisfied: a) that the amount of electric energy SOC 
25 stored in the battery 42 is larger than a lower limit; b) 
that the temperature of the coolant of the engine 14 is 
higher than a lower limit; c) that the temperature of the 
motor/generator 16 and inverter 74 is lower than an 
upper limit; and d) that the high-voltage system for the 
30 motor/generator 1 6 is not defective. If the vehicle cannot 
be driven in the FORWARD MOTOR DRIVE mode, the 
control flow goes to step S4-2 in which the mode deter- 
mining means 112 determines that the forward engine 
drive mode should be established by the FORWARD- 
35 ENGINE-DRIVE control means 1 12. If the vehicle can 
be driven in the FORWARD MOTOR DRIVE mode, the 
control flow goes to step S4-4- in which the mode deter- 
mining means 112 determines that the FORWARD 
MOTOR DRIVE mode should be established to drive 
40 the vehicle in the forward direction by the motor/genera- 
tor 16. 

[0074] If an affirmative decision (YES) is obtained in 
step S3-3, the control flow goes to step S3-4 in which 
the "MOTOR-* ENGINE TRANSITION" flag is set to 
45 "1", and then to step S3-5 and the following steps for 
controlling the transition from the FORWARD MOTOR 
DRIVE mode to the forward engine drive mode. If an 
affirmative decision (YES) is obtained in step S3-1 2, the 
control flow goes to step S3-13 in which the "ENGINE-* 
so MOTOR TRANSITION" flag is set to "1", and then to 
step SS3-14 and the following steps for controlling the 
transition from the forward engine drive mode to the 
FORWARD MOTOR DRIVE mode. The time chart of 
Fig. 1 4 shows a case wherein the switching or transition 
55 from the forward engine drive mode to the FORWARD 
MOTOR DRIVE mode is required at a point of time to as 
a result of a decrease in the operator's desired vehicle 
drive power Pdrv, and then the switching from the FOR- 
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WARD MOTOR DRIVE mode to the forward engine 
drive mode is required at a point of time t1 as a result of 
a subsequent increase of the operator's desired vehicle 
drive power Pdrv. 

[0075] Step S3-4 is followed by step S3-5 to control 
the starting of the engine 14 by controlling the amount 
of fuel injection, etc., and then by step S3-6 to deter- 
mine whether the speed Ne of the engine 14 is higher 
than a predetermined threshold. This threshold is a 
fixed lower limit, for example, about 500 r.p.m., above 
which the engine 1 4 can be started by injection of a fuel. 
If a negative decision (NO) is obtained in step S3-6, the 
control flow goes to step S3-7 in which the engine 14 is 
cranked and started by the starter motor 70. Then, step 
S3-8 is implemented. If an affirmative decision (YES) is 
obtained in step S3-6, the control flow goes to step S3- 
8 without starting the engine 14 by the starter motor 70. 
Namely, while the vehicle is driven in the forward direc- 
tion in the FORWARD MOTOR DRIVE mode, the 
engine 14 is held in a substantially off state due to its 
own resistance to rotation. During a relatively short time 
period after the moment at which the switching from the 
forward engine drive mode to the FORWARD MOTOR 
DRIVE mode is required, for instance, at a point of time 
t1 indicated in Fig. 14. the engine speed Ne has not 
been considerably lowered, and the engine 14 can be 
started without cranking by the starter motor 70. 
[0076] Sep S3-7 is followed by steps S3-8 and S3-9 
to establish the forward engine drive mode in the form of 
the DIRECT ENGINE DRIVE mode, by controlling the 
outputs of the engine 14 and the motor/generator 16 
and controlling the engaging action of the second clutch 
C2. Step S3-9 is followed by step S3-1 0 in which the 
"ENGINE DRIVE MODE" flag is set to "1", while the 
"MOTOR->ENGINE TRANSITION" flag is reset to "0". 
Thus, the control of the transition from the FORWARD 
MOTOR DRIVE mode to the forward engine drive mode 
is terminated. In Fig. 14, "t3" indicates a point of time at 
which the control for transition from the FORWARD 
MOTOR DRIVE mode to the forward engine drive mode 
is terminated. 

[0077] In step S3- 14 for controlling the transition 
from the forward engine drive mode to the FORWARD 
MOTOR DRIVE mode, on the other hand, the second 
clutch C2 is opened, and the output of the engine 1 4 is 
reduced while the output of the motor/generator 16 is 
increased. Step S3-14 is followed by step S3-15 to 
determine whether the speed difference (Nm - Ne) 
becomes larger than a predetermined threshold. If an 
affirmative decision (YES) is obtained in step S3-15, the 
control flow goes to step S3-1 6 to terminate the injec- 
tion of the fuel, and then to step S3-1 7 in which the 
"MOTOR DRIVE MODE" flag is set to "1" while the 
"UNDER MOTOR ENGINE TRANSITION" flag is reset 
to "0". Thus, the control for transition from the forward 
engine drive mode to the FORWARD MOTOR DRIVE 
mode is terminated. 

[0078] In the present third embodiment of Fig. 12, 



step S3-6 is implemented to determine whether the 
engine speed Ne is higher than the predetermined 
threshold, when the switching of the vehicle drive mode 
from the FORWARD MOTOR DRIVE mode (established 
5 by the FORWARD-MOTOR-DRIVE control means 1 04) 
to the forward engine drive mode (established by the 
FORWARD-ENGINE-DRIVE control means 112) is 
required. When the engine speed Ne is higher than the 
threshold, the engine 14 is started by merely controlling 
10 the fuel injection amount and other suitable parameters 
for starting of the engine 14, and without cranking of the 
engine 14 by the starter motor. 70. This arrangement 
permits a rapid and smooth transition of the vehicle 
drive mode from the FORWARD MOTOR DRIVE mode 
15 to the forward engine drive mode upon depression of 
the accelerator pedal 78 immediately after the vehicle 
drive mode has been changed from the forward engine 
drive mode to the FORWARD MOTOR DRIVE mode, as 
indicated in Fig. 14. That is, it is not necessary to acti- 
ve vate the starter motor 70 to start the engine 14, when 
the engine speed Ne is higher than the predetermined 
threshold. In this case, the engine 14 can be started, 
and the vehicle drive mode can be switched to the for- 
ward engine drive mode, without a significant time loss. 
25 In this respect, it is noted that the cranking the engine 
14 by the starter motor 70 requires the pinion of the 
starter motor 70 to mesh with the ring gear of the engine 
14, for instance, and therefore the pinion cannot be held 
in mesh with the ring gear until the engine speed Ne has 
30 been lowered to a relatively low level, so that the time 
loss is inevitable in starting the engine 14 by cranking 
with the starter motor 70. 

[0079] Broken lines in Fig. 14 indicate a conven- 
tional mode transition control wherein the engine 14 is 

35 started by cranking with the starter motor 70 after the 
engine speed Ne has been lowered to a relatively low 
level. In this case, the cranking is initiated at a point of 
time t2, and the control for the transition from the FOR- 
WARD MOTOR DRIVE mode to the forward engine 

40 drive mode is terminated at a point of time t4. This con- 
ventional mode transition control suffers from a time 
delay by (t4 - 13) in the transition to the forward engine 
drive mode, as compared with the mode transition con- 
trol according to the third embodiment of this invention 

45 indicated by solid lines. 

[0080] Further, since the engine 14 is started with- 
out cranking with the starter motor 70 when the engine 
speed Ne is higher than the threshold, the frequency of 
operation of the starter motor 70 is reduced, even where 

so the vehicle drive mode is frequently switched between 
the forward engine drive mode and the FORWARD 
MOTOR DRIVE mode in response to changes in the 
operating amount 6 ac of the accelerator pedal 78, 
which take place during running of the vehicle so as to 

55 maintain a predetermined distance to the preceding 
vehicle, for instance. 

[0081] It will be understood from the foregoing 
description of the third embodiment of Fig. 12 that a por- 
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tion of the hybrid control device 60 assigned to imple- 
ment step S3-6 functions as non-cranking engine 
starting means for starting the engine 14 without crank- 
ing by the starter motor 70. 

[0082] Referring to the flow chart of Fig. 1 5, there is 
illustrated a control routine executed by the hybrid con- 
trol device 60, for estimating the input torque Tin of the 
transmission 12 when the vehicle drive mode is 
switched from the FORWARD MOTOR DRIVE mode to 
the forward engine drive mode according to the mode 
transition control routine illustrated in the flow chart of 
Fig. 7. The hydraulic pressures applied to the transmis- 
sion 12 are controlled on the basis of the input torque 
Tin. In Fig. 16, a clutch torque value A is the engaging 
torque T C2 of the second clutch C2, a desired engine 
torque value B corresponds to the torque Te of the 
engine 14, and a desired motor/generator torque value 
C corresponds to the torque Tm of the motor/generator 
16. 

[0083] The control routine of Fig. 1 5 is initiated with 
step S5-1 to determine whether the vehicle is driven in 
the FORWARD MOTOR DRIVE mode established by 
the FORWARD-MOTOR-DRIVE control means 104. If 
an affirmative decision (YES) is obtained in step S5-1, 
the control flow goes to step S5-2 in which the torque 
Tm of the motor/generator 16 (desired MG torque value 
C) is determined as the input torque Tin of the transmis- 
sion 12. The determination in step S5-1 as to whether 
the vehicle is driven in the FORWARD MOTOR DRIVE 
mode may be made by determining whether the 
"MOTOR DRIVE MODE' flag is set at "1", as described 
above with respect to step S3-17 of Fig. 12. In Fig. 16, 
•t1 " is a point of time at which the affirmative decision 
(YES) is obtained in step S1 -1 of Fig. 7, with a result of 
initiation of the transition from the FORWARD MOTOR 
DRIVE mode to the forward engine drive mode. Namely, 
the FORWARD MOTOR DRIVE mode is established 
before the point of time t1, and the input torque Tin is 
determined in step S5-2. 

[0084] If a negative decision (NO) is obtained in 
step S501, the control flow goes to step S5-3 to deter- 
mine whether the vehicle is driven in the forward motor 
drive mode, that is, in the DIRECT ENGINE DRIVE 
mode established by the DIRECT-ENGINE-DRIVE con- 
trol means 102. If an affirmative decision (YES) is 
obtained in step S5-3, the control flow goes to step S5- 
4 in which a sum of the engine torque Te (desired 
engine torque value B) and the motor/generator torque 
Tm (desired MG torque value C) is determined as the 
input torque Tin of the transmission 12. The determina- 
tion in step S5-3 as to whether the vehicle is driven in 
the forward engine drive mode may be made by deter- 
mining whether the ENGINE DRIVE MODE flag is set at 
"1", as described above with respect to step S3-10 of 
Fig. 12. In Fig. 16, "t3" indicates a point of time at which 
the second clutch C2 is fully engaged to complete the 
control for transition from the FORWARD MOTOR 
DRIVE mode to the forward engine drive mode. The for- 



ward engine drive mode is established after the point of 
time t3, and the input torque Tin is determined in step 
S5-4. The engine torque Te is obtained on the basis of 
the desired angle of opening of the electronic throttle 
5 valve 72, the engine speed Ne or other suitable param- 
eter and according to a predetermined relationship 
between the engine torque Te and the selected param- 
eter. This relationship is represented by a stored data 
map or equation. 
10 [0085] If a negative decision (NO) is obtained in 
step S5-3, the control flow goes to step S5-5 to deter- 
mine whether the hybrid control device 60 is in the proc- 
ess of control for transition from the FORWARD 
MOTOR DRIVE mode to the forward engine drive 
is mode. If an affirmative decision (YES) is obtained in 
step S5-5, the control flow goes to step S5-6 to deter- 
mine whether the hydraulic pressure PC2 of the second 
clutch C2 is in the process of being gradually increased. 
If an affirmative decision (YES) is obtained in step S5-6, 
20 the control flow goes to step S5-7 in which the input 
torque Tin of the transmission 12 is estimated on the 
basis of the motor/generator torque Tm (commanded 
MG torque value C) and the engaging torque T C2 of the 
second clutch C2 (clutch torque value A). The determi- 
25 nation in step S5-5 as to whether the hybrid control 
device 60 is in the process of control for transition from 
the FORWARD MOTOR DRIVE mode to the forward 
engine drive mode may be effected by determining 
whether the basis of the UNDER MOTOR -> ENGINE 
30 TRANSITION flag is set at "1", as described above with 
respect to step S3-4. The determination in step S5-6 as 
to whether the hydraulic pressure is in the process 
of being gradually increased may be effected on the 
basis of a flag which indicates that step S1-6 is being 
35 implemented. 

[0086] While the second clutch C2 is in a slipping 
state, the engaging torque T C2 of this clutch C2 acts on 
the output shaft 22 through the ring gear 18r, while the 
motor/generator 16 connected to the carrier 18c 
40 receives a reaction force T^ x (1 - p) from the output 
shaft 22. Accordingly, the input torque Tin of the trans- 
mission 12 can be obtained according to the following 
equation (1 ): 



45 



Tin = Tm + T^ - T^ x (1 - p) 
= Tm + TC2 x p 



0) 



[0087] The engaging torque Tcz °f tne second 
so clutch C2 may be obtained according to the following 
equation (2) which includes a friction coefficient \i of the 
friction members of the second clutch C2, the number n 
of the friction surfaces, a radius R of the friction mem- 
bers, and a contacting force F of the friction members: 

55 

= pinFR (2) 
[0088] The contacting force F may be obtained 
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according to the following equation (3) which includes a 
pressure-receiving surface area of the hydraulic actua- 
tor in the form of a cylinder for the second clutch C2, the 
hydraulic pressure P C 2 of the hydraulic cylinder, and the 
stand-by low pressure Pq2< 

F = Sx(P C2 -P C2 .) (3) 

[0089] The hydraulic pressure and the stand-by 
low pressure Pc2* may be calculated on the basis of a 
command value used for controlling the linear solenoid 
valve 40. In Fig. 16, t2" indicates a point of time at 
which the affirmative decision (YES) is obtained in step 
S1 -3 and the gradual increase of the hydraulic pressure 
P C2 is initiated in step S1-6. The input torque Tin is 
obtained in step S5-7 during a time period between the 
points of time t2 and t3. It is noted that the above equa- 
tions (2) and (3) are basic equations, and may be mod- 
ified to permit higher accuracy of estimation of the input 
torque Tin, using additional parameters such as inertia 
values of the associated elements. 
[0090] If a negative decision (NO) is obtained in 
step S5-6, that is, if the hydraulic pressure Pq2 is not in 
the process of being gradually increased, it means that 
the hydraulic cylinder of the second clutch C2 is held at 
the stand-by low pressure P C2 *, and that the engaging 
torque TC2 of this clutch C2 is zero. In this case, the 
control flow goes to step S5-8 in which the torque Tm of 
the motor/generator 1 6 (commanded MG torque value 
C) is determined as the input torque Tin. The input 
torque Tin is obtained in step S5-7 from time to time dur- 
ing a time period between the point of time t1 at which 
the control for transition from the FORWARD MOTOR 
DRIVE mode to the forward engine drive mode is initi- 
ated, and the point of time t2 at which the gradual 
increase of the hydraulic pressure Pq 2 is initiated. 
[0091] It is noted that the engaging torque T^ is a 
positive value or a negative value, that is, acts on the 
input shaft 22 so as to increase the vehicle speed V or 
so as to apply a brake to the vehicle (so as to reduce the 
vehicle speed V), depending upon whether the engine 
speed Ne is higher than the motor speed Nm (input 
shaft speed Nin of the transmission 12). In view of this 
fact, it is preferred to effect a determination as to 
whether the engaging torque T^ is positive or negative, 
according to a routine illustrated in the flow chart of Fig. 
17. Steps S6-1 and S6-2 of Fig. 1 7, which correspond to 
steps S5-6 and S5-8 of Fig. 15, are provided to hold the 
engaging torque T C2 to be zero until the engaging 
action of the second clutch C2 is initiated. When the 
engaging action of the second clutch C2 is initiated, the 
control flow goes to step S6-3 to determine whether the 
engine speed Ne becomes higher than the motor speed 
Nm. If an affirmative decision (YES) is obtained in step 
S6-3, the control flow goes to step S6-4 to determine 
that the engaging torque T^ is positive. If a negative 
decision (NO) is obtained in step S6-3, that is, if the 
engine speed Ne is equal to or lower than the motor 



speed Nm, the control flow goes to step S6-5 to deter- 
mine that the engaging torque T C2 is negative. In the 
first embodiment of Fig. 7 wherein the slipping engage- 
ment of the second clutch C2 is initiated only after the 
5 engine speed Ne has become higher than the motor 
speed Nm, the engaging torque T C2 is normally a posi- 
tive value. 

[0092] In the present fourth embodiment of the 
invention, the input torque Tin of the transmission 12 is 

10 estimated on the basis of the engaging torque T^ of 
the second clutch C2, which is gradually increased by a 
gradual increase of the hydraulic pressure Pc2 when 
the vehicle drive mode is switched from the FORWARD 
MOTOR DRIVE mode to the forward engine drive 

75 mode. Thus, the input torque Tin is estimated with high 
accuracy upon switching of the vehicle drive mode to 
the forward engine drive mode, so that the hydraulic 
pressures used for controlling the tension or slipping 
amount of the belt and other operating conditions of the 

20 transmission 12 can be accurately controlled on the 
basis of the estimated input torque Tin. In a conven- 
tional automotive vehicle equipped with an automatic 
transmission, the hydraulic pressures used for control- 
ling various elements of the transmission are calculated 

25 based on various parameters such as the vehicle drive 
force produced by a vehicle drive power source, inertia 
values of various rotary members, and a torque ratio of 
a torque converter. In the hybrid drive system of the 
present embodiment wherein the second clutch C2 is 

30 placed in a slipping state upon switching of the vehicle 
drive mode, it is necessary to determine the hydraulic 
pressures of the bett-and-pulley type transmission 12, 
while taking into account the engaging torque T C2 of the 
second clutch C2, for preventing an excessively large 

35 input torque Tin which would cause a slipping action of 
the belt. 

[0093] It will be understood from the foregoing 
description of the fourth embodiment of this invention 
that a portion of the hybrid control device 60 assigned to 

40 implement steps S5-6, S5-7 and S5-8 functions as tran- 
sition-input-torque estimating means for estimating the 
input torque Tin of the transmission 12 on the basis of 
the engaging torque TC2 of the second clutch C2 during 
slipping engagement of the second clutch while the 

45 vehicle drive mode is switched from the motor drive 
mode to the engine drive mode. It will also be under- 
stood that a portion of the hybrid control device 60 
assigned to implement step S1-6 of Fig. 7 functions as 
clutch-slip control means for effecting a slipping 

so engagement of the second clutch C2 by a gradual 
increase of the hydraulic pressure PC2, upon switching 
of the vehicle drive mode from the FORWARD MOTOR 
DRIVE mode to the forward engine drive mode such as 
the DIRECT ENGINE DRIVE mode. 

55 [0094] Referring next to the flow chart of Fig. 18, 
there is illustrated a mode transition control routine exe- 
cuted by the hybrid control device 60 according to a fifth 
embodiment of this invention, when the vehicle drive 
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mode is switched from the FORWARD MOTOR DRIVE 
mode (established by the FORWARD-MOTOR-DRIVE 
control means 104) to the ETC DRIVE mode, upon 
depression of the accelerator pedal 78 while the shift 
lever 30 is placed in the operating position D or B. In this 
case, the ETC DRIVE mode is established by the ETC- 
DRIVE-MODE control means 100 by starting the engine 
14 upon starting the vehicle. The time chart of Fig. 19 
indicates changes of various parameters when the con- 
trol routine of Fig. 18 is executed. 
[0095] The mode transition control routine of Fig. 1 8 
is initiated with step S7-1 in which the mode determin- 
ing means 114 determines whether the vehicle drive 
mode should be switched from the FORWARD MOTOR 
DRIVE mode to the ETC DRIVE mode (established by is 
the FORWARD-ENGINE-DRIVE control means 112). 
This determination in step S7-2 may be effected on the 
basis of a UNDER MOTOR-»ETC TRANSITION flag is 
set at "1". Usually, the determining means 114 deter- 
mines that the DIRECT ENGINE DRIVE mode is 20 
required to be established when the accelerator pedal 
78 is operated in the above-indicated condition. When 
the engine 14 is required to be operated for some rea- 
son or other, for instance, when the presently stored 
amount of electric energy SOC is smaller than a lower 25 
limit or when an optionally provided device such as an 
air conditioning system is turned on, the mode deter- 
mining means 114 determines that the ETC DRIVE 
mode is required to be established. In this case, the 
control flow goes to step S7-2 in which the engine 14 is 
started by cranking by the starter motor 70 while at the 
same time the fuel injection is controlled, as in step S1- 
2. Further, the fast filling of the hydraulic cylinder for the 
second clutch C2 is effected, and the pressure of the 
hydraulic cylinder is maintained at the predetermined 
stand-by low level. Step S7-2 is followed by step S7-3 to 
determine whether the engine speed Ne has exceeded 
a predetermined threshold. For instance, this determi- 
nation may be effected by determining whether the 
engine 14 has been completely started and whether the 
engine speed Ne has exceeded the motor speed Nm. If 
an affirmative decision (YES) is obtained in step S7-3, 
the control flow goes to step S7-4. In Fig. 19. "t1" indi- 
cates a point of time at which the affirmative decision is 
obtained in step S7-1 . and 12" indicates a point of time 
at which the engine speed Ne has exceeded the prede- 
termined threshold, namely, the affirmative decision 
(YES) is obtained in step S7-3. 

[0096] In step S7-4, the hydraulic pressure Pc2 of 
the second clutch C2 is gradually increased through the 
linear solenoid valve 40, as in step S1 -6, so that the sec- 
ond clutch C2 provides an engaging torque or has a 
torque capacity, whereby an output of the engine 14 is 
reflected on the vehicle drive torque. Step S7-4 is fur- 
ther adapted to gradually reduce the torque Tm of the 
motor/generator 16 according to an increase in the 
engaging torque T^ of the second clutch C2, so that 
the operator's desired vehicle drive power Pdrv is 



obtained by the engine 14 and the motor/generator 16. 
In addition, the hydraulic pressure P C 1 of the first clutch 
C1 is controlled through the ON-OFF valve 38 , to the 
minimum level required to prevent slipping of the first 
5 clutch C1. Described more specifically, the hydraulic 
pressure P C1 is controlled on the basis of the torque of 
the carrier 18c, such that the hydraulic pressure P C1 
decreases with a decrease in the motor torque Tm. The 
hydraulic pressure P C1 , corresponds to the engaging 
f0 torque T C i of the first clutch C1 , is controlled such that 
the engaging torque T C1 satisfies the following equation 
(4): 

T C1 =Tm-T C2 x(1 -p)+a (4) 

Where a represents an extra value. 
[0097] Step S7-4 is followed by step S7-5 in which 
the output of the engine 1 4 is controlled by reducing the 
engine torque such that the engine speed Ne coincides 
with a desired value Ne*, which is determined following 
the maximum fuel economy line, namely, so as to 
achieve the maximum fuel economy. 
[0098] Step S75 is followed by step S7-6 to deter- 
mine whether the motor torque Tm and the engaging 
torque T C2 of the second clutch C2 satisfy the following 
equation (5): 

Tm/T C2 s1-p (5) 

30 [0099] When the motor torque Tm and the engag- 
ing torque T C2 satisfy the above equation (5), the con- 
trol flow goes to step S7-7 in which the first clutch C1 is 
released, and the motor speed Nm is gradually reduced 
toward a desired value Nm* at a predetermined rate. 
35 The equation (5) represents a ratio of the motor torque 
Tm to the engaging torque T^ in the ETC DRIVE 
mode, and indicates that there is not a risk of abrupt 
changes of the rotating speeds of the rotary members 
1 8s, 1 8c, 1 8r of the planetary gear device 1 8 even when 
40 the first clutch C1 is released. On the other hand, the 
desired motor speed Nm* is determined on the basis of 
the desired engine speed Ne* and the actual input shaft 
speed Nin of the transmission 12, and according to the 
following equation (6): 

45 

Nm* = (Nin - Ne* x p)/(1 - p) (6) 

[0100] In Fig. 19, "t3" indicates a point of time at 
which the above equation (6) is satisfied and the affirm- 
50 ative decision (YES) is obtained in step S7-6. 

[0101] Step S7-6 is further adapted to monitor the 
engine speed Ne and determine the point of time at 
which the first clutch C1 is released, so as to deal with 
variations in various parameters such as the engine 
55 torque Te in a real-time fashion. The determination in 
step S7-6 is preferably based on an error of the actual 
engine speed Ne with respect to the desired value Ne*, 
and a rate of change of the engine speed Ne. While the 
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torque Te of the engine 14 is zero, a condition satisfying 
an inequity Te < p x T C2 «s established when the above 
equation (5) is satisfied. In this state, the engine 14 may 
stall. To avoid this possibility of the engine stall, step S7- 
7 is implemented to release the first clutch C1 as soon 5 
as the engine speed Ne becomes lower than the prede- 
termined threshold. 

[0102] When the motor speed Nm has reached a 
level substantially equal to the desired value Nm* in 
step S7-7, the speed of the ring gear 1 8r substantially 10 
coincides with the input shaft speed Nin of the transmis- 
sion 12, and the second clutch C2 is brought to its fully 
engaged state. In Fig. 19, "t4" indicates a point of time 
at which the second clutch C2 has been fully engaged 
with the motor speed Nm substantially coinciding with 15 
the desired value Nm*, and "t5" indicates a point of time 
a predetermined period of time after the point of time t4, 
during which a difference of the speed of the ring gear 
18r with respect to the input shaft speed Nin is held 
smaller than a predetermined limit. The speed of the 20 
ring gear 18r is calculated from the motor speed Nm 
and the engine speed Ne. That is, the transition to the 
ETC DRIVE mode is completed at the point of time t5. 
[0103] In the present fifth embodiment, step S7-4 is 
arranged to control the hydraulic pressure P C1 of the 25 
first clutch C1 to the minimum level required to prevent 
slipping of the first clutch C1 , when the vehicle drive 
mode is switched from the FORWARD MOTOR DRIVE 
mode (established by the FORWARD-MOTOR-DRIVE 
control means 104) to the ETC DRIVE mode (estab- 30 
lished by the FORWARD-ENGINE-DRIVE control 
means 112). This arrangement permits an excellent 
control response upon releasing of the first clutch C1 in 
step S7-7 in the predetermined condition, facilitating the 
transition to the ETC DRIVE mode while preventing a 35 
stall of the engine 14 due to a change in the vehicle 
drive force caused by the delayed response. 
[0104] In addition, step S7-6 is arranged to deter- 
mine whether the engaging torque T C2 of the second 
clutch C2 in the process of being gradually increased 40 
and the motor torque Tm have satisfied the above-indi- 
cated equation (5), namely, have satisfied the predeter- 
mined torque ratio in the ETC DRIVE mode. Further, 
step S7-7 is arranged to release the first clutch C1 when 
the above equation (5) has been satisfied, so that a var- as 
iation in the vehicle drive force upon releasing of the first 
clutch C1 is restricted, permitting a smooth transition to 
the ETC DRIVE mode. 

[0105] It will be understood from the foregoing 
description of the fifth embodiment of the invention that so 
a portion of the hybrid control device 60 assigned to 
implement step S7-4 for controlling the hydraulic pres- 
sure P C1 to the minimum level required to prevent slip- 
ping of the first clutch C1 functions as first-clutch 
releasing stand-by means for reducing the engaging ss 
torque T C1 of the first clutch C1 to the minimum value 
required to prevent slipping of the first clutch C1 before 
its releasing, when the vehicle drive mode is switched 



from the FORWARD MOTOR DRIVE mode to an 
engine-and-motor drive mode in the form of the ETC 
DRIVE mode. It will also be understood that a portion of 
the hybrid control device 60 assigned to implement 
steps S74-, S7-6 and S7-7 for releasing the first clutch 
C1 functions as clutch control means operable upon 
switching of the vehicle drive mode from the FORWARD 
DRIVE mode to the ETC DRIVE mode, for gradually 
increasing the engaging torque T C2 of the second clutch 
C2 and releasing the first clutch C1 when the motor 
torque Tm and the engaging torque T C2 of the second 
clutch C2 have satisfied a predetermined relationship 
representative of a ratio of the torque Tm of the 
motor/generator 16 and the engaging torque T^ of the 
second clutch C2 with respect to each other, which rela- 
tionship is suitable for driving the vehicle in said engine- 
and-motor drive mode. 

[0106] While the presently preferred embodiments 
of this invention have been described above in detail by 
reference to the accompanying drawings, for illustrative 
purpose only, it is to be understood that the present 
invention may be embodied with various changes, mod- 
ifications and improvements, which may occur to those 
skilled in the art, without departing from the spirit and 
scope of the invention defined in the following claims: 

Claims 

1. A hybrid drive system for an automotive vehicle, 
including (a) an engine (14) operable by combus- 
tion of a fuel to generate a drive force, (b) an electric 
motor (16), (c) an output member (22) operafrvely 
connected to a drive wheel (52) of the vehicle for 
driving the vehicle, (d) a planetary gear device hav- 
ing a first rotary element (18s) connected to said 
engine, a second rotary element (18c) connected to 
said electric motor, and a third rotary element (1 8r), 

(e) a first clutch (C1) through which said second 
rotary member is connected to said output member, 

(f) a second clutch (C2) through which said third 
rotary member is connected to said output member, 

(g) forward-motor-drive control means (104) for 
engaging said first clutch and releasing said second 
clutch to thereby establish a forward motor drive 
mode in which the automotive vehicle is driven in a 
forward direction by operation of said electric motor 
while said engine is at rest, and (h) forward-engine- 
drive control means (1 1 2) for engaging at least said 
second clutch (C2) to establish an engine-drive 
mode in which the automotive vehicle is driven in 
the forward direction by operation of said engine, 
said hybrid drive system being characterized by 
comprising: 

second-clutch control means (60, S1-3, S1-6) 
operable upon switching of a vehicle drive 
mode from said forward motor drive mode to 
said forward engine drive mode, for engaging 
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said second clutch (C2) only after an operating 
speed of said engine (14) has exceeded an 
operating speed of said electric motor (16). 

2. A hybrid drive system according to claim 1 , wherein 5 
said second clutch is a hydraulically operated fric- 
tional coupling device (C2) capable of effecting a 
slipping engagement, and said second-clutch con- 
trol means initiates a gradual increase of a hydrau- 
lic pressure to be applied to said second clutch for to 
engaging said second clutch, when the operating 
speed of said engine has exceeded the operating 
speed of said electric motor. 

3. A hybrid drive system according to claim 1 or 2, 15 
wherein said second clutch is a hydraulically oper- 
ated frictional coupling device (C2) capable of 
effecting a slipping engagement, said hybrid drive 
system further comprising: 

20 

first engine starting means (60, S1 -2) for crank- 
ing said engine with a starter (70), and thereby 
starting said engine; 

second engine-starting means (60, S1-5) for 
cranking said engine by slipping engagement 25 
of said second clutch, and thereby starting said 
engine; and 

engine-starting-means changing means (60, 
S1 -4) for starting said engine by the control of 
said second engine-starting means when said 30 
engine cannot be started by the control of said 
first engine-starting means. 

4. A hybrid drive system for an automotive vehicle, 
including (a) an engine (14) operable by combus- 35 
tion of a fuel to generate a drive force, (b) an electric 
motor (16), (c) an output member (22) operativety 
connected to a drive wheel (52) of the vehicle for 
driving the vehicle, (d) a planetary gear device hav- 
ing a first rotary element (18s) connected to said 40 
engine, a second rotary element (1 8c) connected to 
said electric motor, and a third rotary element (1 8r), 

(e) a first clutch (C1) through which said second 
rotary member is connected to said output member, 

(f) a second clutch (C2) through which said third 45 
rotary member is connected to said output member, 

(g) forward-motor-drive control means (104) for 
engaging said first clutch and releasing said second 
clutch to thereby establish a forward motor drive 
mode in which the automotive vehicle is driven in a so 
forward direction by operation of said electric motor 
while said engine is at rest, and (h) forward-engine- 
drive control means (112) for engaging both of said 
first clutch and said second clutch to establish a 
direct engine drive mode in which the automotive ss 
vehicle is driven in the forward direction by opera- 
tion of said engine, with said planetary gear device 
being rotated as a unit, and for releasing said first 



clutch and engaging said second clutch to establish 
an engine-and-motor drive mode in which the auto- 
motive vehicle is driven in the forward direction by 
operations of both of said engine and said electric 
motor, said hybrid drive system being characterized 
by comprising: 

mode selecting means (60, S2-4, S2-5, S2-6) 
operable upon switching of a vehicle drive 
mode from said forward motor drive mode to 
one of said direct engine drive mode and said 
engine-and-motor drive mode, for determining 
whether said engine (14) is likely to stall if said 
direct engine drive mode is established, and 
commanding said forward-engine-drive control 
means to establish said engine-and-motor 
drive mode, when it is determined that the 
engine is likely to stall if said direct engine drive 
mode is established. 

A hybrid drive system for an automotive vehicle, 
having a vehicle drive power source including an 
engine (14) operable by combustion of a fuel to 
generate a drive force, and an electric motor (16), 
said hybrid drive system being characterized by 
comprising: 

non-cranking engine starting means (60, S3-6) 
operable upon switching of a vehicle drive 
mode from a forward motor drive mode in 
which the automotive vehicle is driven by oper- 
ation of said electric motor (16) only, to an 
engine drive mode in which the automotive 
vehicle is driven by operation of said engine 
(14), said non-cranking engine starting means 
starting said engine by merely controlling the 
starting of said engine without cranking of said 
engine, when an operating speed of said 
engine is higher than a predetermined thresh- 
old, said controlling the starting of said engine 
comprising controlling a state in which said fuel 
is injected into said engine. 

A hybrid drive system for an automotive vehicle, 
having (a) a vehicle drive power source including an 
engine (14) operable by combustion of a fuel to 
generate a drive force, and an electric motor (1 6), 
(b) a transmission (12), and (c) a clutch (C2) of a 
frictional coupling type disposed between said 
engine and said transmission, said hybrid drive sys- 
tem being characterized by comprising: 

clutch-slip control means (60, S1-6) operable 
upon switching of a vehicle drive mode from a 
motor drive mode in which the automotive vehi- 
cle is driven by operation of said electric motor 
only, to an engine drive mode in which the auto- 
motive vehicle is driven by operation of said 
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engine, said clutch-slip control means effecting 
a slipping engagement of said clutch (C2) ; and 
transition-input-torque estimating means (60, 
S5-6, S5-7, S5-8) for estimating an input torque 
of said transmission on the basis of an engag- 5 
ing torque of said clutch during said slipping 
engagement of said clutch while the vehicle 
drive mode is switched from said motor drive 
mode to said engine drive mode. 

10 

7. A hybrid drive system for an automotive vehicle, 
including (a) an engine (14) operable by combus- 
tion of a fuel to generate a drive force, (b) an electric 
motor (16), (c) an output member (22) operatively 
connected to a drive wheel (52) of the vehicle for is 
driving the vehicle, (d) a planetary gear device (1 8) 
having a first rotary element (18s) connected to 
said engine, a second rotary element (18c) con- 
nected to said electric motor, and a third rotary ele- 
ment (1 8r), (e) a first clutch (C1 ) through which said 20 
second rotary element is connected to said output 
member, (f) a second clutch (C2) through which 
said third rotary member is connected to said out- 
put member, (g) forward-motor-drive control means 
(104) for engaging said first clutch and releasing 25 
said second clutch, to thereby establish a forward 
motor drive mode in which the automotive vehicle is 
driven in a forward direction by operation of said 
electric motor while said engine is at rest, (h) for- 
ward-engine-drive control means (1 1 2) for releas- 30 
ing said first clutch and engaging said second 
clutch, to thereby establish an engine-and-motor 
drive mode in which the automotive vehicle is 
driven in the forward direction by operations of both 

of said engine and said electric motor, said hybrid 35 
drive system being characterized in that: 

said first clutch is a frictionalfy coupling clutch; 
and 

first-clutch-releasing stand-by means (60, S7- 40 
4) is provided, said first-clutch-releasing stand- 
by means being operable upon switching of a 
vehicle drive mode from said forward motor 
drive mode to said engine-and-motor drive 
mode, said first-clutch- releasing stand-by 45 
means reducing an engaging torque of said 
first clutch (C1) to a value not causing slipping 
of said first clutch, before said first clutch is 
released. 

50 

8. A hybrid drive system for an automotive vehicle, 
including (a) an engine (14) operable by combus- 
tion of a fuel to generate a drive force, (b) an electric 
motor (16), (c) an output member (22) operatively 
connected to a drive wheel (52) of the vehicle for 55 
driving the vehicle, (d) a planetary gear device (1 8) 
having a first rotary element (18s) connected to 
said engine, a second rotary element (18c) con- 



nected to said electric motor, and a third rotary ele- 
ment (18r), (e) a first clutch (C1) through which said 
second rotary element is connected to said output 
member, (f) a second clutch (C2) through which 
said third rotary member is connected to said out- 
put member, (g) forward-motor-drive control means 
(104) for engaging said first clutch and releasing 
said second clutch, to thereby establish a forward 
motor drive mode in which the automotive vehicle is 
driven in a forward direction by operation of said 
electric motor while said engine is at rest, (h) for- 
ward-engine-drive control means (112) for releas- 
ing said first clutch and engaging said second 
clutch, to thereby establish an engine-and-motor 
drive mode in which the automotive vehicle is 
driven in the forward direction by operations of both 
of said engine and said electric motor, said hybrid 
drive system being characterized in that: 

said first clutch is a frictionally coupling clutch; 
and 

clutch control means (60, S7-4, S7-6, S7-7) is 
provided, said clutch control means being 
operable upon switching of a vehicle drive 
mode from said forward motor drive mode to 
said engine-and-motor drive mode, said clutch 
control means gradually reducing an engaging 
torque of said second clutch (C2), and releas- 
ing said first clutch (C1) when a torque of said 
electric motor (1 6) and said engaging torque of 
said second clutch have satisfied a predeter- 
mined relationship representative of a ratio of 
said torque of said electric motor and said 
engaging torque of said second clutch with 
respect to each other, which relationship is suit- 
able for driving the vehicle in said engine-and- 
motor drive mode. 
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